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Types 316-0100 and 316-0110 



H316 General Purpose Computer 



SECTION I 
INTRODUCTION 



This volume contains flow charts and analyses of all H3 16 instructions and the logic block diagrams 
for Types 316-01, 316-0100, and 316-0110. These types differ primarily in mechanical design and 
configuration. Type 316-01 10 contains the improved memory module. Separate coverage is provided 
for the memory reference fetch cycle. The instructions are presented in groups (i.e., load and store, 
arithmetic, logical, etc.). For convenient reference, the mnemonic, number of cycles, and op code 
appear on each page. Symbols and abbreviations used in the flow charts are defined in Table 1-1. A 
function index is provided as an aid in determining function sources and definitions (Table 1-2). 

Signal Mnemonics 

The electrical characteristics of the computer circuits are called: passive (+6 vdc) and active (0 vdc). 
The logical functions are true (logic ONE) and false (logic ZERO). In general, there are two ways of 
relating the electrical characteristic and logical function for each signal mnemonic: 

a. An assertion signal (for example, A0 1 FF+) is logically true when it is at +6 vdc and is 
logically false when it is at vdc. 

b. A negation signal (for example, A01 FF-) is logically true when it is at vdc and is 
logically false when it is at +6 vdc. 

A particular signal mnemonic can be labeled assertion or negation arbitrarily. The signal mnemonic 
convention uses the sixth character to specify assertion or negation. 





TABLE 1-1. 




SYMBOLS AND DEFINITIONS 


Symbol 


Definition 


a or . 


Logical AND 


V 


Logical OR 


-y- or® 


Exclusive OR 


-» 


Replaces 


^= 


Is exchanged with 


—~x. 


Is discarded 


( f 


Contents of a hardware register 


[EA] 


Contents of a core location specified by the 




effective operand address 


A 


A register 


ADB 


Address bus 


B 


B register 


C 


Carry flip-flop (CB1TF) 


E 


E register 


EA 


Effective operand address; the address from 




which the operand is obtained 


F 


Flag (indirect address indicator) or F register 


INB 


Input bus 


IW 


Instruction word 


M 


M register 


N 


Two's complement of number of shifts to 




be performed 


OTB 


Output bus 


P 


P register 


X 


X register 



1-1 







TABLE 1-2. 




FUNCTION INDEX 




LBD No. 




Mnemonic 


(Signal Source) 


Definition 


OxxPA 


101-116-05 


Adder input OR gates (G&H), bits 1 through 16 


OCPLS 


134-K11 


Output control pulse 


OCPRC 


147-F3 


Output control pulse, real-time clock 


OPG00 


120-F5 


Op group 00 


OPG3C 


120-P5 


Op group for three cycle instructions 
(JST v i RS v CAS v IMA v LDX v 
DOUBLE PRECISION) 


OPGAA 


127-G9 


Op group, A-cycle utilization of A register 


OPGDP 


124-E9 


Op group, double precision arithmetic 
operation (ADD v SUB v LDA v ST A) 


OPGJS 


129-P11 


Op group, jump or skip (JMP v JST v I RS v 
(SKIP ENABLED)) 


OPGMD 


123-B7 


Op group, multiply or divide (MPY v DIV) 


OPGNS 


125-A12 


Op group, negative sum. Control ENSHL/ 
ENSLL for subtractive process (SUB v IRS 
v CASAM) 


OPGSM 


128-A12 


Op group, sum to M register control 
(STAvlMAvLDXvSTX) 


OPGWR 


126-G8 


Op group, write/read control (STA v IMA v 
LDXvSTXvlRSvJST) 


OTBxx 


138-XX 


Output bus, bits 1 through 16 


OTPMA 


240-H6 


Output transfer pulse, DMA option 


IOGRP 


120-P3 


Op group, I/O group 


IAD61 


135-F2 


Interrupt address 61 (RTC location 00061) 


IAD63 


135-F7 


Interrupt address 63 (Standard interrupt 
location 00063) 


IADX2 


135-F5 


Interrupt address, location 00XX1 through 
00XX7 


ICYEF 


119-G8 


1 -cycle early flip-flop (Indirect address) 


ICYLF 


119-N8 


1 -cycle late flip-flop ( 1 ndirect address) 


ICYS1 


263-E7 


1 -cycle and sector zero not selected 


1 Gxxx 


200-XX 


Interrupt address greater than 063 or 067 
or 077 or 107 or 117 or 127 or 137 
(as applicable) 


IMAOP 


120-J2 


IMA op code 


INBxx 


101-1 16-F4 


Input bus, bits 1 through 16 


INCSC 


126-P5 


Increment shift counter if not 00 8 


INDxjt 


132-XX 


Console indicator lamp drivers, bits 1 through 16 


INHPF 


135-K1 


Inhibit power failure interrupt 


INKOP 


122-P9 


INK op code 


INSTR 


241 -L2 


Input strobe, DMA option 


IRSOP 


120-M3 


I RS op code 


1YBxx 


223-XX, 


Input-to-Y bus, bits 2 through 16. DMC option, 




135-XX 


and program interrupt 


AxxFF 


101-1 16-M5 


A register flip-flops, bits 1 through 16 


AOOFF 


124-P5 


A00 flip-flop 


A0QM1 


124-L8 


AOOFF equals M01FF 


A1QA2 


126-B4 


A01 FF equals A02FF, normalize signal 


ACKAx 


241 -B4 


Acknowledge for DMA channels 1 through 4 


ACKPF 


135-F1 


Acknowledge for power failure interrupt 


ACKRC 


135-F4 


Acknowledge for real-time clock 


ACTxx 


244-XX 


DMA address count bits 1 through 1 6 


ACYEF 


119-G5 


A-cycle early flip-flop 


ACYLF 


119-N6 


A-cycle late flip-flop 


ACYNX 


129-F1 


A-cycle is next main frame cycle 


ADBxx 


138-XX 


Address bus, bits 7 through 16 



TABLE 1-2. (CONT) 
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LBD No. 




Mnemonic 


(Signal Source) 


Definition 


ADDOP 


120-F7 


ADD op code 


ANAOP 


120-F2 


ANA (logical AND to A) op code 


AZERO 


126-P9 


A register equals zero, bits 1 through 1 6 


AZZZZ 


125-E7 


A general control flip-flop 


BxxFF 


101-116-M1 


B register flip-flop, bits 1 through 16 


BANKx 


138-A12 


Memory bank select A, B, C, or D 


BRICY 


134-A8 


BREAK and l -cycle 


BREAK 


134-G2 


BREAK flip-flop. Set by program interrupt, RTC, 
memory increment, or DMC operation, etc. 


BRREQ 


134-D1 


BREAK request (sync-in to BREAK operation) 


CASOP 


120— M4 


CAS op code (compare A and SKIP) 


CASAM 


126-P6 


A01 FF equals M01 FF in CAS instruction 


CBITF 


124-P2 


C-bit flip-flop (arithmetic overflow, etc.) 


CHENx 


241 -B9 


Channel enable for DMA option (channels 1 






through 4) 


CHSLx 


241 -D3 


Channel select for DMA option (channels 1 






through 4) 


CLAIL 


130-K11 


Clear A register bit 1 (clock level) 


CLAMP 


141-M7 


Clear A register with manual pushbutton 
switch 


CLATL 


122-G6 


Clear A register, total (clock-level) 


CLATR 


122-K8 


Clear A register, total (clock-reset) 


CLBMP 


141 -K7 


Clear B register with manual pushbutton 
switch 


CLBTR 


123-M6 


Clear B register, total (clock-reset) 


CLCHS 


241 -J5 


Clear DMA channel select flip-flops 
(clock-reset) 


CLDTR 


125-K5 


Clear D register to ONEs, total (clock-reset) 


CLETR 


125-K2 


Clear E register to ONEs, total (clock-reset) 


CLFTL 


125-K8 


Clear F register, total (clock-level) 


CLLTR 


241-L10 


Clear L register, DMA option, total 
(clock-reset) 


CLMMP 


141-C7 


Clear M register with manual pushbutton switch 


CLMTR 


128-P9 


Clear M register, total (clock-reset) 


CLPIL 


134-P6 


Clear program interrupt and memory increment 
request lines 


CLPMP 


141-E7 


Clear P and Y registers with manual push- 
button switch 


CLPTR 


129-M10 


Clear P register, total (clock-reset) 


CLRDR 


126-L1 


Clear D register when master clock oscillator 
has stopped 


CLRF5 


134-G8 


Clear but 5 of F register on program interrupt 


CLSEX 


134-P8 


Clear single execute (program interrupt and 
memory increment) request flip-flops 


CLSZR 


262-H9 


Clear sector zero relocation 


CLXTR 


128-M8 


Clear X register, total (clock-reset) 


CLYTR 


129-P3 


Clear Y register, total (clock-reset) 


CLZTL 


241 -L5 


Clear Z register (DMA option) total (clock-level) 


CM EXT 


136-HM 


Clear extended addressing mode 


CMK09 


122-P8 


Clear mask flip-flops for OTK instruction 


CMKXX 


134-G10 


Clear mask, I/O control pulse 


COXXX 


150-D2 


Memory cycle initiate flip-flop 


DOODJ 


130-D1 


Fictitious D00 bit to take care of right shift 
end effects 


D00FF 


130-K8 


D00 control flip-flop, extension of D register 


DxxFF 


101-1 16-G11 


D register flip=flops, bits 1 through 16 
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LBD No. 




Mnemonic 


(Signal Source) 


Definition 


DOGFF 


124-P9 


Divide termination control flip-flop for arith- 
metic option 


D17DJ 


130-G4 


Fictitious D17 bit (end effect) of left shift 


DILAx 


745-F8 


Device interrupt line. DMA channels 1 through 4 


DIQAZ 


123-B3 


D01 FF equals' AZZZZ flip-flop 


DIVOP 


120-J6 


DIV op code 


DALEN 


224- 


DMC address line enable 


DCY2X 


221-D10 


DMCcycle2 


DCY3X 


221 -K5 


DMC cycle 3 


DCYXX 


221-B10 


DMC cycle 1,2, and 3 


DGONE 


126-D9 


D register equals zero, bits 1 through 16 


DMAIN 


259-XX 


DMA input mode 


DMACY 


241 -L7 


DMA cycle 


DMARQ 


241 -B5 


DMA request 


DMAWR 


241 -G9 


DMA write/read control 


DMCCY 


138-B11 


DMC cycle 1 , 2, 3, and 4 


DMCRQ 


220-F6 


DMC request 


DMCRR 


221 -F2 


DMC reset ready line 


DMCWR 


221-L2 


DMC write/read control 


DPOLX 


124-P12 


Double precision or LDX op code 


DPMOD 


124-B10 


Double precision mode flip-flop 


DRFLP 


125-E10 


Data ready flip-flop 


DRLIN 


342- 


Device ready line 


DSPLO 


141 -G4 


Display operating indicators 


DSPLA 


141-M4 


Display A register 


DSPLB 


141-K4 


Display B register 


DSPLM 


141-C4 


Display M register 


DSPLX 


141-K7 


Display X register 


DSPLY 


141-E4 


Display Y register 


ExxFF 


101-1 16-P2 


E register flip-flops, bits 1 through 16 


EOINS 


119-G2 


End of instruction 


EOADJ 


130-E10 


Fictitious E register bit for shift end effect 


EOBDJ 


130-H1 


Fictitious E register bit for shift end effect 


EOCDJ 


130-D8 


Fictitious E register bit for shift end effect 


EODDJ 


130-D11 


Fictitious E register bit for shift end effect 


EOY16 


124-L9 


Enable zero to Y-register, bit 1 6 


EICHL 


125-H10 


Enable ONE to shift counter bit 1 1 (clock-level) 


EICTS 


125-K9 


Enable ONEs to shift counter, total (clock-set) 


EIDTS 


125-P6 


Enable input bus to D register, bits 1 through 
16 (clock-set) 


EIK17 


127-P5 


Enable 1 carry-in from fictitious bit 1 7 (end 
inject carry) 


EIYHS 


129-P6 


Enable 1 YB, bits 2 through 9, to Y register 
(clock-set) 


EIYLS 


129-P5 


Enable IYB, bits 10 through 16, to Y register 
(clock-set) 


E40SC 


121 -C2 


Enable 40 (octal) to shift counter. Setup for 
NRM instruction 


E57SC 


124-J3 


Enable 57 (octal) to shift counter. Setup for 
DIV instruction 


E70SC 


124-H3 


Enable 70 (octal) to shift counter. Setup for 
MPY instruction 


EASTL 


127-P1 


Enable A register to sum network, bits 1 through 
16 (clock-level) 


EBETS 


125-M1 


Enable B register to E register, bits 1 through 
16 (dock-set) 


ECETS 


125-M3 


Enable shift counter to E register, bits 1 1 
through 16 (clock -set) 





LBD No, 




Mnemonic 


(Signal Source) 


Definition 


EDAIL 


130-K10 


Enable D register to A register, bit 1 (clock- 
level) 


EDAHS 


122-P1 


Enable D register to A register, bits 1 through 
8 (clock-set) 


EDALS 


122-P3 


Enable D register to A register, bits 9 through 
16 (clock-set) 


EDBTS 


123-P2 


Enable D register to B register, bits 1 through 
16 (clock-set) 


EDMxx 


101-1 16-K8 


Enable D register to M register, bits 1 through 
16 (DJswith ESM- gates). 


EDMAY 


241 -L3 


Enable DMA bus (address count or Z register) to 
Y register, bits 1 through 16 (clock-set) 


EDMTS 


128-K12 


Enable D register to M register, bits 1 through 






16 (clock-set) 


EDPTR 


129-J9 


Enable D register to P register (clock-level) 


EDPTS 


129-P9 


Enable D register to P register, bits 1 through 
16 (clock-set) 


EDYTS 


129-P1 


Enable D register to Y register, bits 1 through 
16 (clock-set) 


EEALS 


122-K5 


Enable E register to A register, bite 1 1 
through 16 (clock-set) 


EEATS 


122-P4 


Enable E register to A register, bits 1 through 
10 (clock-set) 


EMCxx 


121-X11 


Enable M register to shift counter, bits 1 1 
through 16, respectively. 


EMCTL 


125-P12 


Enable M register to shift counter, bits 1 1 
through 16 (clock-level) 


EMFTL 


128-P4 


Enable M register to F register, bits 3 through 
6 (clock-level) 


EMSHL 


127-P9 


Enable M register to sum network, bits 1 
through 7 (dock-level) 


EMSLL 


127-P11 


Enable M register to sum network, bits 8 through 
16 (clock-level) 


EMXTS 


128-P7 


Enable M register to X register, bits 1 through 
16 (clock-set) 


ENSHL 


127-P8 


Enable M register (negation) to sum network, 
bits 1 through 7 (clock-level) 


ENSKI 


150-K2,3 


Selection Sink Enable Pulse 


ENSLL 


127-P7 


Enable M register (negation) to sum network, 
bits 8 through 16 (clock-level) 


ENTRA 


141-M2 


Enter A register (manual console op) 


ENTRB 


141 -K2 


Enter B register (manual console op) 


ENTRM 


141 -B2 


Enter M register (manual console op) 


ENTRP 


141-E2 


Enter P register (manual console op) 


ENYSW 


150-K4,5 


Digit Selection Switch Enable Pulse 


EPARB 


133-D3 


Memory parity error strobe 


EPSLL 


128-K4 


Enable P register to sum network, bits 3 through 
1 6 and enable M register bits 1 and 2 to sum 
network (clock-level) 


EPYTS 


129-P4 


Enable P register to Y register, bits 1 through 
16 (clock-set) 


ERAOP 


120-P1 


ERA op code (exclusive OR to A) 


ERLAX 


259-XX 


End of range for DMA 


ERLXX 


222-L11 


End of range line for DMC 


ESDTS 


125-M4 


Enable adder sum to D register, bits 1 through 
16 (clock-set) 


ESMTS 


128-G11 


Enable sum network input to M register, bits 1 
through 16 (dock-set) 
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LBD No. 




Mnemonic 


(Signal Source) 


Definition 


ETAHS 


122-P6 


Enable transposed D register, bits 9 through 
16 into A register, bits 1 through 8 
(clock-set) 


ETALS 


122-P7 


Enable transposed D register, bits 1 through 
8 into A register, bits 9 through 16 
(clock-set) 


EXSTL 


128-P5 


Enable X register to sum network, bits 1 through 
16 (clock -level) 


EXTMD 


136-H1 


Extended addressing mode flip-flop 


EYSHL 


128-P3 


Enable Y register to sum network, bits 1 through 
7 (clock-level) 


EYSLL 


128-P2 


Enable Y register to sum network, bits 8 through 
16 (clock-level) 


EYZTL 


241 -L6 


Enable Y register to Z register, bits 1 through 
16 (clock-level) 


EZYTL 


241 -J7 


Enable Z register to Y register via ACT - + - 
lines, bits 1 through 16 (clock-level) 


FOICY 


119-A8 


F or 1 cycle control flip-flops are set 


FOxFF 


120-CX 


Function register, bits 3 through 6 


FCXOO 


134-D12 


Function control indicating address bus lines 
08, 09, 10, and 14 are all zero 


FCYEF 


119-G10 


F-cycle early flip-flop 


FCYLF 


119-N10 


F-cycle late flip-flop 


FCYM2 


136-F4 


F-cycle/M02FF (tag store flip-flop for 
extended addressing mode) 


FCYSO 


127-G10 


F-cycle sector zero specified in memory 
reference instruction addressing 


GxxDJ 


101-116-C5 


Adder network input (A v X), bits 1 through 16, 
respectively 


GENOA 


120-P11 


Generic operation, class A 


GENOB 


120-P9 


Generic operation, class B 


GENOP 


120-J11 


Generic operation 


HxxDJ 


101-1 16-C9 


Adder network input (M v P v Y v M -), bits 1 






through 16, respectively 


HOLDM 


128-M9 


Hold M register contents (inhibit CLMTR-) 


JAMKN 


127-G4 


Jam carry network (suppress carries) 


JMPOP 


120-M1 


JMP op code 


JSTOP 


120-M2 


JST op code 


LDAOP 


120-F3 


LDA op code 


LMPRN 


132-C3 


Lamp, run indicator 


LMRxx 


153-161- 
E5, 11 


Selection Switch Discharge Resistor Line 


LSXOP 


120-P2 


Load/store X register op code 


LXACY 


263-D9 


Load X register/A-cycle 


MxxFF 


101-1 16-M8 


M register, bite 1 through 1 6 


M01ML 


262-K7 


M01 control from memory lockout 


M02DJ 


136-H5 


M02 DJ gates for extended addressing 


M17FF 


133-K10 


Parity bit flip-flop of memory parity option 


M5G4G 


123-G2 


Minterm control in DP and IAB instructions 


MACYL 


128-D2 


Multiply control in A-cycle 
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LBD No. 




Mnemonic 


(Signal Source) 


Definition 


MADFF 


124-P7 


Multiply and divide control flip-flop 


MASTO 


141-G9 


Memory access, store mode 


MBSYL 


150-B2 


End of Memory Busy pulse 


MCRST 


118-G2 


Master clock, reset phase 


MCSET 


118-K3 


Master clock, set phase 


MCTLG 


118-P2 


Master clock, timing level generator phase 


iinAi* 


too r\o 


»*r»\r/r-kiv/ j.; a _i_ ti o ... > 


r*sui-t£.i-\ 


! £.%J L/«J 


rear i/uiv upuun, /^-uyi;!e, : a_^, cunuru; 

minterm A 


MDA2C 


123-G10 


MPY/DIV option, A-cycle, TL2, control 
minterm C 


MDG2E 


123-D2 


MPY/DIV option, timing level 2, control 
minterm E 


MDG4D 


123-G7 


MPY/DIV option, timing level 4, control 
minterm D 


MDOIXto 


153 to 161 


Memory data output signals 


MD17X 


C4,5 




MDSLA 


122-E8 


MPY/DIV option, shift left A register 


MDSRA 


123-G8 


MPY/DIV option, shift right A register 


MELOV 


262-K3 


Memory lockout violation flip-flop 


MEMAC 


141 -H8 


Memory access mode control 


MEMCI 


126-K12 


Memory cycle initiate 


MFG2E 


122-D 12 


Main frame, general cycle, TL2, minterm E 


MMxxx 


142-XX 


Memory to M register data bits 1 through 16, 
from memory bank A through D and 
combinations 


MPAFF 


133-J3 


Memory parity mask flip-flop 


MPEFF 


133-J7 


Memory parity error flip-flop 


MPYOP 


120-F5 


MPY op code 


MSTCL 


141-C11 


Master clear (overall initialization) 


NxxPA 


101-1 16-D9 


Adder network input AND gates (G a H), bits 1 
through 16, respectively 


NOSTO 


262-D3 


No store. Protected memory area is being 
accessed. 


NRMOP 


128-D1 


NRM opcode 


PxxFF 


101-1 16-M11 


P register flip-flops, bits 1 through 16 


POlBS 


136-D5 


P02 storage flip-flop for bank control 
extended addressing 


PI LOO 


133-L6 


Program interrupt line 00 (standard) 


PIREQ 


143-XX 


Program interrupt request 


PISEX 


134-B1 


Program interrupt or single execute request 


PAGEO 


133-A2 


Parity generator output 


PAMEO 


133-A3 


Parity memory bit output 


PARCK 


143-B4 


Parity check indicator from I/O 


PERMI 


134-G4 


Permit interrupt flip-flop 


PFINT 


135-H11 


Power failure interrupt signal 


PFHLT 


141-K8 


Power failure halt mode control 


PMIND 


136-K1 


Previous mode indicator flip-flop for 
extended-addressing mode 


PROT^ 


264-XX 


Accessing protected sector through 3 
00-07 or 40-47 
10-17 or 50-57 
20-27 or 60-67 
30-37 or 70-77 


RxxPA 


101-1 16-D7 


Adder network or gates (G v H— ), bits 1 through 
16, respectively 


READY 


141-L10 


Prestart signal from console pushbutton switch 
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Mnemonic 



REMOK 
RESTR 

RPTT2 

RRCXX 

RRLIN 

RSKA1 

RTCAD 

RTCLK 

RUNFF 

RUNMD 

SxxCx 

SCxxF 

SCQ70 

SCQ77 

SCZRO 

SCZR1 

SDARS 

SDBRS 

SDBxx 

SDRxx 

SECxx 

SENSx 

SETAO 
SETAZ 
SETF5 
SEXOO 
SEXLV 

SEXPF 
SEXRC 



STAOP 

START 

STEPP 

STEXT 

SUBOP 

SW01 to 

SW17 



(Signal Source) 



123-B2 
262-F5 

126-G5 

126-P8 

134-M10 

150-E2 

147-F9 

147-H2 

126-M3 

141— Ell 

117-XX 

121-X7 

121-M2 

121-M3 

121-M4 

121-P3 

123-P10 

123-P9 

130-AXX 

140-X7 

272-xx 

140-X10 

125-C10 

125-M7 

134-G7 

135-D10 

135-D7 

135-D1 
135-D4 



SEXRQ 


200-XX 


SEXTF 


136-G2 


SHAOP 


120-P8 


SHASC 


120-P7 


SKGRP 


120-P6 


SLATS 


122-P11 


SLBTS 


123-P4 


SMK01 


134-K12 


SMK09 


122-M10 


SMKXX 


134-D9 


SMPIL 


135-H2 


SPMOD 


135-M1 


SRATS 


122-P12 


SRBTS 


123-PS 


SRSTL 


128-K1 



120-F9 

141-L9 

141-G10 

136-H9 

120-F6 

(Core stack) 



Definition 



Remainder OK to terminate divide 
Restricted mode flip-flop for memory 

lockout option 
Repeat TL2 timing level 
Read-regenerate cycle control to memory 
Reset ready line signal to I/O device 
Selection sink read command timing pulse 
Real-time clock address decoder 
Real-time clock service request 
RUN control flip-flop 
RUN mode console switch control 
Sum network outputs from carry gating, bits 1 

through 1.6, respectively 
Shift counter flip-flops, bits 1 1 through 16 
Shift counter equals octal 70 
Shift counter equals octal 77 
Shift counter equals zero 
Shift counter equals zero or minus one (77) 
Shift (double) A register, right shift (clock-set) 
Shift (double) B register, right shift (clock-set) 
End effects for SDBRS to B register, bits 1 and 2 
Set data register, bits 1 through 16, from console 

pushbutton switches 
Sector (00-77) is unprotected in memory lockout 

option 
Sense switches on console, 1 through 4, 

respectively 
Set A00FF control signal 
Set AZZZZ control sigrial 
Set bit 5 of register for memory increment 
Standard interrupt priority network flip-flop 
Memory lockout violation interrupt priority 

network flip-flop 
Power failure interrupt priority network flip-flop 
Real-time clock service request priority network 

flip-flop 

Single execute memory increment request 

Extended addressing mode flip-flop 

Shift A register od code 

Shift A register and shift counter do not equal zero 

Skip group op code 

Shift left to A register (clock-set) 

Shift left to B register (clock-set) 

Set mask group No. 1 (standard devices) 

Set mask group No. 9 (OTK instruction) 

Set mask general output strobe 

Sample program interrupt lines 

Single pulse mode control (service jumper) 

Shift right to A register (clock-set) 

Shift right to B register (clock-set) 

Shift right from A register to sum network 

(clock-level) 
STA op code 

Start pushbutton switch release 
Step P register in MEM AC mode 
Set extended addressing mode 
SUP op code 

Sense amplifier core stack sense winding inputs 



Mnemonic 



TL13F 

TL1FF 

TL23F 

TL24F 

TL2FF 

TL3FF 

TL4FF 

TLATE 

VAC00 

VAC03 

VDC06 

WRINH 

YxxFF 

Y04XX to 

Y16XX 



LBD No. 
(Signal Source) 



118-D5 

118-K11 

118-D8 

118-D10 

118-K9 

118-K7 

118-K5 

118-A8 

148-E9 

148-E9 

126-G10 
101-1 16-P11 

104-116-L10 



Definition 



Timing level mid-TL1 through mid-TL3 

Timing level TL1 

Timing level mid-TL2 through mid-TL3 

Timing level mid-TL2 through mid-TL4 

Timing level TL2 

Timing level TL3 

Timing level TL4 

Timing level, late, TL2 and TL3 inclusive 

vac, transformer center tap 

3 vac, PFI transformer 

-6 vdc 

Write inhibit 

Y register flip-flops, bits 1 through 16 

Double rail memory address signals 
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section n 

FLOW CHARTS/INSTRUCTION ANALYSES 



The instruction analyses are detailed presentations of some key signals generated within the Central 
Processor unit (CPU) from the time an instruction operation code is recognized until the execution 
is complete and the next instruction's fetch cycle is initiated. The instruction fetch cycle and I-cycle 
are covered on pages l—l ana z— 3. inciuuou in <m analysis aic mo wiuvo, uoae-uiauvsu, &uu vj^^xm-xviiwi 
description of the signal. The location of the logic making up the signal is also given. Within each 
instruction class, the definitions of Instruction Analyses are presented in alphabetical order of their 
mnemonic code as follows: 



CODE 



Generic 



INSTRUCTION 



ACA 


Add C to A 


AOA 


Add ONE to A 


CAL 


Clear Left Half 


CAR 


Clear Right Half 


CHS 


Complement A Sign 


CMA 


Complement A 


CRA 


Clear A register 


CSA 


Copy Sign and Set Sign Plus 


ENB 


Enable Program Interrupt 


HLT 


Halt 


IAB 


Interchange A and B 


ICA 


Interchange Halves 


ICL 


Interchange and Clear Left Half 


ICR 


interchange and Clear Right Half 


INH 


Inhibit Program Interrupt 


INK 


Input Keys 


NOP 


No Operation 


OTK 


Output Keys 


RCB 


Reset C to ZERO 


SCB 


Set C to ONE 


S- 


(Skip Group) 


SSM 


Set Sign Minus 


SSP 


Set Sign Plus 


TCA 


Two's Complement A 


Input-Output 


INA 


Input to A 


OCP 


Output Control Pulse 


OTA 


Output from A 


SMK 


Set Mask 


SKS 


Skip if Sense Line Set 



Memory Reference 


ADD 


Add 


ANA 


Logical AND 


CAS 


Compare 


ERA 


Exclusive OR 


IMA 


Interchange memory and A 


IRS 


Increment, Replace, and Skip 


JMP 


Unconditional Jump 


JST 


Jump and Store Location 


LDA 


Load A 


LDX 


Load Index Register 


STA 


Store A 


STX 


Store Index Register 


SUB 


Subtract 


Extended Addressing 


EXA 


Enable Extended Addressing 


DXA 


Disable Extended Addressing 



Memory Parity 

RMP Reset Memory Parity 

Shift 

ALR Logical Left Rotate 

ALS Arithmetic Left Shift 

ARR Logical Right Rotate 

ARS Arithmetic Right Shift 

LGL Logical Left Shift 

LGR Logical Right Shift 

LLL Long Left Logical Shift 

LLR Long Left Rotate 

LLS Long Arithmetic Left Shift 

LRL Long Right Logical Shift 

LRR Long Right Rotate 

LRS Long Arithmetic Right Shift 



The flow charts summarize the sequence of events that occur within the CPU during the execution of 
each instruction. The flow charts are easy to use if the reader applies the following general analysis. 

With reference to the Clear A (CRA) flow chart, note that to the left of each box is an alphanumeric 
(such as Tl) and columns of letter codes (such as R, L, S). The alphanumeric is the time during which 
operations within the horizontal dashed lines occur. The letter codes specify whether the functions in 
the same horizontal plane are levels (L), controlled by the reset clock MCRST (R), or controlled by 
the set clock MCSET (S). 

The information within a box is in abbreviated text form, that is to say that certain key phrases have 
been replaced with symbology. An example is -> (M), which means that the contents of the M 
register is replaced with zeros (cleared). Another method of clearing registers used in the H3 16 is 
l's -> (D). Rather than replacing the contents of the D register with zeros, the contents are replaced 

...Jit- 1 >- Tl.:. ___.*.! S __1., ^„~.\Z^„ 4-^ -*-U~ TV TJ n-^A V nsMofarc All «-vr!ioir T*«yiCTfvrQ prp tAp-HTf^A t(\ all 

WIul i s. x Ills fficiiiuu vxuy appilo& iu mo i^, i_>, aiiu 7%. xogiaiCTb. ru* Omw ivg»i.viS a.c v *o«*>/*» ~\, ~~ 

zeros. 

The mnemonics to the right of the box are the signals that implement the operation described in the 
box. In the case of -» (M), it is clear M register totally on reset clock (CLMTR-) which causes the 
register to be cleared. 

In some cases, mnemonics are deliberately omitted from the flow chart for simplicity. In these cases, 
reference to the analyses of instructions is required. 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 


















"' 






Tl 


R 
L 
S 


0-(M), l's-(D) 

(P)+l -ADDER, 0- (F) 

ADDER -(D) 


CLMTR-, CLDTR- 
EPSLL+, E1K17-, CLFTL- 
ESDTS+ 


(SEE NOTE) 




(M) 8-16 + Ml -16 ~ ^ V,A ADDER 



(X) -ADDER 

(M),_ 7 -ADDER 

(M) 8 _ ]6 -ADDER 

(M)-,_ 7 - ADDER 



EXSTL+ 
EMSHL+ 
EMSLL+ 
ENSHL+ 



&h-7 ( M) 8-16 +(X) 1-16 -0) VIA ADDER 



(X) - ADDER 

'1-7 
■'8-16 



- (D),_ 7 

(M)8_ ]6 ~(D) 8 _ ]6 VIAADDER 



(M) 1-7 - ADDER 
(M) 8 _ ]6 - ADDER 
(M)-,_ 7 - ADDER 



EMSHL+ 
EMSLL+ 
ENSHL+ 



T3 



EXSTL+ 
EYSHL+ 
EMSLL+ 



(Y) 



1-7. 



(M)g_ 16 - (D) VIA ADDER 



(Y),^ - ADDER 
Vl6 



EYSHL+ 
EMSLL+ 



l's -(D) 
ADDER - (D) 



T4 



CLDTR- 
ESDTS+ 



- CO 
(D) - CO 



j[EA] -(M)( YES 

AS SPECIFIED 
BY Y 



C 



INDIRECT ADDRESS? 
(M01 =1) 



> 



CLYTR- 
EDYTS+ 



NO (EA IS IN Y) 



'CY 



XY 



NOTE: MISSING SIGNALS CAN BE 

FOUND IN F-CYCLE ANALYSIS 



MEMORY REFERENCE 
F-CYCLE 
(EXCLUDING JMP) 



Memory Reference F-Cyde (excluding JMP) 

Instruction: 

Op Code: Type: 

Description: 



S • 



ADDIiESS 



8 9 10 11 12 13 14 15 16 



Execution Time {[is): 



Signal 



EPSLL+ 

EIK17- 

CLMTR- 
CLDTR- 

CLFTL- 



ESDTS+ 

CLSEX+ 
MMnnF- 

CLPTR- 
EDPTS+ 

EMFTL+ 



EMFTL- 
EXSTL+ 



EMSHL+ 

EMSLL+ 
ENSHL+ 

EYSHL+ 

CLDTR- 

ESDTS+ 

CLYTR- 

EDYTS+ 

MEMCI+ 



Origin 



128-K4 

127-P5 

128-P9 
125-K5 

125-K8 



125-M4 

134-P8 
142 

129-M10 
129-P9 

128-P4 



128-K3 
128-P5 



127-P9 

127-P11 
127-P8 

128-P3 

125-K5 

125-M4 

129-P3 

129-P1 

126-K12 



Cyc 



Tim 



TLATE 



TLATE 



TL1 
TL1 

TL1 



TL1 
TL1 



TL2 
TL2 

TLATE 



TLATE 
TLATE 



TLATE 

TLATE 
TLATE 

TLATE 

TL3 

TL3 

TL4 

TL4 

TL1 



Clk 



Signal Component 



(FCYEF+HTLATE-) 

(TLATE+) 

{MCRST+)(HOLDM-}(TL1FF+} 
(ICYEF-)(ACYEF-)(TL1FF+) 

(MCRST+) 
(ICYEF-}(ACYEF-)(TL1FF+) 



(ICYEF-)(ACYEF-)(TL1FF+) 

(MCSET+) 
(TL1FF+)(ICYEF-) 
(SWnn±)(STRB-) 

(EDPTR+)(MCRST+) 
(EDPTR+)(MCSET+) 

{M07FF-MMEMAC-MFCYLF+) 

(TLATE+)(GENOP-) or 
(M07FF+)(MEMAC-)(FCYLF+) 

(TLATE+)(GENOP-) 
See EMFTL+ 
(FOICY+MTLATE+HM02FF+) 

(GENOP-)(MEMAC-) 

(M03FF+orM04FF+or 

M05FF- or M06FF+) 
(M07FF-)(MEMAC-){FCYLF+) 

(TLATE+)(GENOP-) 
(EMFTL-) 
(M07FF-){MEMAC-)(FCYLF+) 

(TLATE+)(GENOP-) 
(FCYLF+)(TLATE+}(GENOP+) 

(MEMAC-)(M07FF+) 
(ANAOP-)(TL3FF+)(MCRST+) or 

(ACYLF-)(TL3FF+)(MCRST+) 
(IOGRP-)(TL3FF+) 

(ACYLF-)(TL4FF+) 

(MCRST+) 
(ACYNX-MMCSET+HTL4FF+) 

(BRREQ-)(PISEX+) 
(TL1FF+) (IGACY+) (SPMOD-) 



Origin 



128-G3 

127-K6 

128-P9 
125-A6 

125-A6 



125-A5 

134-L8 
80.04 

129-L10 
129-L9 

127-F10 

128-K3 

128-J3 
128-K6 



127-F10 

128-K3 
127-F9 

128-J3 

125-B7 
125-B6 
125-B5/ 

H5 
129-E1, 

H3,N3 
129-M1 

126-F12 



Destination 



101-116-A9 

116-F7/F9 
117-A1 
101-1 16-L9 
101-1 16-F 11 

120-A1 
121-A5 
125-D8 
124-N6 
124-N8 
101-1 16-F5- 

F9 
135-G8 
101-1 16-H8 

101-1 16-L12 
101— 116— J11 

120-A2 
136-B4 
136-D3 

127-L9 
101-1 16-A5 



101-1 07 -A9 

108-1 16-A9 
101-107-A10 

101-107-A12 

101— 116— F11 

101-116-F5- 

F9 
101-116-N12 

101-1 16- J10 
150-A2 



Operation 



Enable P register to 
adder 
Force carry to adder 

Clear M register 
Clear D register to 

ONEs 
Clear F register 
Clear shift counter 
Clear AZZZZFF 
Clear MAD FF 
Clear DOG FF 
Enable adder sum to 

D register 
Clear single execute FF 
Memory data set into 

M register 
Clear P register 
Enable D register into 

P register 
Enable M (3-6) into F (3-6) 
Bank switching control 



Generate EMSLL+ 
Enable X register to 
adder 



Enable M(1-7} to adder 

Enable M(8-16) to adder 
Enable M-(1-7) to adder 

Enable ■ Y register (1-7) 
to adder 
Clear D register to ONEs 

Enable adder sum to 

D register 
Clear Y register 

Enable D register into 
Y register 
Enable start memory 



2-2 



ENTER FROM F-CYCLE OR PREVIOUS 
1 -CYCLE OR EOI AND BREAK REQUEST 



ICYEF+ 



- (M) 



CLMTR- 



c 



BREAK? 



T2 



T2 

& 

T3 

(RATE) 



STROBE 



> 



YES 



NO 



77 -(SC) 



EICTS- 



,, (IRS) 



<: 



NO A A YES 

I NTERRUPT? 



> 



12 -(F) 



S£TF5-,BRICY- 



UST) 



10 - (F) 



CLRF5-, 
BRICY- 



[EA] - (M) 



NO 



c 



MMnnF- 



INDEXING? 
(M02 = l) 



> 



YES 



(M) -ADDER 



J. 



EMSHL+,EMSLL+ 



T3 



Ts - (D) 
ADDER ~ (D) 



YES 



c 



CLDTR- 
ESDTS+ 



IRS AND BREAK? 



J 



NO 



-CO 
(D) -(Y) 



T4 



<: 



CLYTR- 
EDYTS+ 



YES f INDIRECT ADDRESS 

(M01 = 1) 



c 



J> 



NO 



JMP 



REMAIN IN 
l-CYCLE 



1 r 



> 



YES 



NO 



"I r 



A-CYaE 



STANDARD 1-CYaE 



(M) - ADDER 
(X) - ADDER 

Z3 — 



EMSHL+,EMSIL+ 
EXSTL+ 



-(P) 
<P) -<P) 



CLPTR- 
EDPTS+ 



F-CYCLE 



Standard l-Cycle With Breaks 

Instruction: 

OP Code: Type: 

Description: 



5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time Qtts): 



Signal 


Origin 


Cyc 


Tim 


C!k 


Signal Component 


Origin 


Destination 


- Operation 


EMSHL+ 


127-P9 








(ICYEF-) 


127-N11 


101-107-A9 


Enable M(1-7) to adder 


EMSLL+ 


127-P11 








(ICYEF-) 


127— N 10 


108 116 A9 


Enable M(8-16) to adder 
Force carry to adder 


EIK17- 


127-P5 




TLATE 


L 


(TLATE-) 


127-K6 


116-F7/F9 


CLRF5+ 


134-G8 




TL1 


L 


[(SEXRQ-J V{IG063-)]A 

f(IAr>fi1-l/RRFAK+l 

(ICYEF+HTL1FF+)] 


134-A7/ 
C8 


134-F4 
12Q— C3 


Reset PERMI FF 


SETF5- 


134-G7 




TL1 


L 


[(SEXRQ+)(IG063+)V 
(IAD61-)]A[(BREAK+) 
(ICYEF+MTL1FF+)] 


134-C8, 
F7,A7 


120-C5 


Set F register bit 5 


BRICY- 


134— A8 




TLt 


L 


{BREAK+ u SCYEF-5-MTL1FF-i- 1 


134-A8 


12G-B1-B9 


i ores F register to 
JSTOP-orlRSOP- 
depending on F05 


CLMTR- 


128-P9 




TL1 


R 


(MCRST+)(ACYEF-){TL1 FF+) 


128-N9 


101-116-L9 


Clear M register 


EICTS- 


125-K9 




TL1 


S 


(BRICY+HMCSET+HAZZZZ-) 


125-H9 


126-F5 

126-F10 
121-A8 


Generate RPTT2+ {Don't 
care) 
SetWRINHFF 
Set shift counter to 77 8 


MMnnF- 


142 








(SWnn+MSTRB-) 


80.04 


101-1 16-H8 


Memory data set into 
M register 


EXSTL+ 


128-P5 




TLATE 


L 


(ICYLF+)(F01CY+){TLATE+) 
(M02FF+)(GENOP-)(MEMAC-) 


128-J6 


101-1 16-A5 


Enable X register to 
adder 


CLDTR- 


125-K5 




TL3 


R 


(ACYLF- ) (TL3F F+) (MCRST+) 


125-B6 


101-116-F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 




TL3 


S 


(TL3FF+HIOGRP-HMCSET+) 


125-B5 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


CLPTR 


129-M10 




TL4 


R 


(OPGJS+)(EOINS+){TL4FF+) 
(MCRST+) 


129-E8 


101-116-L12 


Clear P register 


CLYTR- 


129-P3 




TL4 


R 


(ACYNX-){TL4FF+»MCRST+) 


129-G1/ 

H1 
129-E8 


101-1 16-N12 


Clear Y register* 


EDPTS+ 


129-P9 




TL4 


S 


(QPGJS+) ( EOI NS+) (TL4FF+) 


101-1 16-J11 


Enable D register into 












(MCSET+) 






P register 


EDYTS+ 


129-P1 




TL4 


S 


[(MCSET+)(TL4FF+) 
(ACYNX-}]A[{BRREQ-)V 
(DCYXX-HEOINS-)] 


129-L1/ 
D5 


101-116-J10 


Enable D register into 
Y register 


EIYLS+ 


129-P5 




TL4 


S 


(TL4FF+){BRREQf}A 
[{DCYXX-)(EOINS-)]-A 
(MCSET+) 


129-D5/ 
F5 


110-116-N12 


Enable 1YB(10-16) into 
Y(10-16) 


MEMCI+ 


126-K12 




TL1 


L 


(IGACY+) (SPMOD-HTL1 FF+) 


126-F11 


150-A2 


Enable memory cycle 


*Y register changed except when [(FOICY+)(BREAK+)(BREAK+){IRSOP+)] is TRUE 







2-3 



T2 



T2 
& 
T3 



ENTER A-CYCLE FROM INSTRUCTION WORD 
FETCH OR LAST INDIRECT ADDRESS CYCLE 





'r 





L 
R 


DEVELOP START MEMORY LEVEL 

- (M) 


< 





" 





STROBE 


[EA] ~(M) 





ACYEF+ 



(RATE) 



T3 



Oi 



(A) - ADDER 

(M),_ 7 -ADDER 

fMl- , . - ADDER 
* 'o— 10 



1"«- <P) 
ADDER - (D) 



MEMCI+ 
CLMTR- 



MMnnF- 



EASTL+ 
EMSHL+ 
EMSLL+ 



CLDTR- 
ESDTS+ 



- (A) 
<P>l-8 "* Wl-8 



C 



CLATR- 
EDAHS+ 
EDALS+ 



OVERFLOW? 
DOO / D01 



T4 



> 



NO 



• CLEAR C-BIT 



YES 



SET C-BIT 



• po 
<P) ♦ (Y) 
SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



ADD 

2 CYCLES 

OP CODE 06 



Instruction: Add (ADD) 

OPCode: 06 Type: MR, 2 cycles 

Description: (A) + [EA] -» A 
OVF -» (C) 












6 
























F 


T 


j£2S2 






S 


A 


A 


A 


A 


A 


A 


1 A 


A 


A 



3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (/is): 3.2 



Signal 



Origin 



CLMTR- 
MMnnF- 

EASTL+ 

EMSHL+ 

EMSLL+ 

CLDTR- 

ESDTS-t- 

CLATR- 
EDAHS+ 

EDALS+ 
CB1TF+ 
CB1TF- 

CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 



Cyc 



128-P9 * 
142 

127-P1 

127-P9 

127-P11 

125-K5 

■HOC tkMA 
I £Q — «!** 

122-K8 
122-P1 

122-P3 
124-P2 
124-P1 

129-P3 

129-P4 

126-K12 

150-D2 



A 
A 

A 
A 
A 

A 

A 

A 

F 



Tim 



TL1 

TLATE 

TLATE 

TLATE 

TL3 

TL3 

TL4 
TL4 

TL4 
TL4 
TL4 

TL4 

TL4 

TL1 

TL1 



Clk 



L 

L 

L 

R 

S 

R 
S 

S 
S 
R 

R 

S 

L 
L 



Signal Component 



(MCRST+HHOLDM-HTL1 FF+} 
(SWnn±)(STRB-) 

(ADDOP+KACYLF+) 

(TLATE+) 
{ ACY.LF+) (TLATE+) (SUBOP- ) 

(OPGAA+) 
(ACYLF+HTLATE+HSUBOP-) 

(OPGAA+) 
(ANAOP-)(TL3FF+) 

(IOGRP-MTL3FF+) 

(ACYLF+HOPGAA+MTL4FF+) 
(ACYLF+)(OPGAA+)(TL4FF+) 

{ ACY LF+) (OPGAA+) {TL4F F+) 

(ADDOP+)(D00#D01) 

(ADDOP+)(DlVOP-)(TL4FF+) 

(MCRST) 
(SCZRO+)(TL4FF+)(MCRST+) 

(PISEX-HEOINS+MOPGJS-) 

(TL1 FF+)(SPMOD-){IGACY+) 

(MEMCI+MMBSYX-) 



Origin 



128-K8 
80.04 

127-A1/ 
C1 
127-K9 

127-K9 

125-B7 

125-B5 

122-C2 
122-C2 

122-C2 
124- A3 
124-At 

129-E1/ 
H3 
129-D4 

126-F12 
J12 
150-A2 



Destination 



1Q1-116-L9 
101-116-A4 

101-116-A4 

101-107-A9 

108— 116— A3 

101— 116— F11 

101-1 16-F5- 

F9 
101-116-L6 
101-108-J7 

109-1 16-J7 

124-P2 

124-L1 

101-116-N12 

101-116-L10 

150-A2 

150-D2 



Operation 



Clear !V! register 
Memory data set into 

M register 
Enable A register to 

adder 
Enable M register (1-7) 

to adder 

i- i-i_ »»/o iei j. ,j,j„- 

Cid'JIS (Vllo-iU, 1 IX) ouuw 

Clear D register to 

ONEs 
Enable adder sum to 

D register 
Clear A register 
Enable D register to 

A(1-8) 

Enable D register to A(9-16) 
Set CB1TF 
Reset CB1TF 

Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 



2-4 



ENTER A-CYCLE ROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE 



ACYEF+ 



n: 



Tl 


L 
R 
R 
L 

s 


DEVELOP START MEMORY LEVEL 
- (M) 

l's - (D) 

(A) - ADDER 

a rvr\CD .. /r\\ 


MEMCI+ 
CLMTR- : 

CLDTR- 

EASTL+, EIK17- 

ESDTS+ 


___ 












" 




T2 


STROBE 


feA]^(M) 


MMnnF- 












T2 




V 




& 
T3 

XT LATE) 


L 
L 


' ( M H-7 ~ ADDER 
(M) fil6 -, ADDER 


EMSHL- 
EMSLL- 














" 




T3 


S 


ADDER - (D) 


ESDTS+ 






1 


'. 




T4 


R 
S 
S 
S 
L 


~ (A), - (Y) 

^1-8 * Wl-8 
(D) 9 . ]6 -.(A) 9 _ 16 

(P) - (Y) 

SET F-CYCLE ENTRY F-F 


CLATR-, CLYTR- 

EDAHS+ 

EDALS+ 

EPYTS+ 

FCYEF+ 



T 



NEXT INSTRUCTION 
FETCH CYCLE 



ANA 

2 CYCLES 

OP CODE 03 



Instruction: Logical AND (ANA) 

OP Code: 03 Type: MR, 2 cycles 

Description: {A} A [EA] -*■ {A} 




5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time yus): 3.2 



Signal 



EIK17+ 

CLMTR- 

CLDTR- 

EASTL+ 

ESDTS+ 

MMnnF- 

EMSHL+ 

EMSLL+ 

ESDTS+ 

CLATR- 

EDAHS+ 

EDALS+ 

CLYTR- 
EPYTS+ 

MEMCI+ 

COXXX+ 



Origin 



127-P5 
128-P9 
125-K5 

127-P1 

125-M4 

142 

127-P9 

127-P11 

125-M4 

122-K8 

122-P1 

122-P3 

129-P3 
129-P4 

126-K12 

150-D2 



Cyc 



Tim 



TL1 
TL1 
TL1 

TL1 

TL1 



TLATE 

TLATE 

TL3 

TL4 

TL4 

TL4 

TL4 
TL4 

TL1 

TL1 



Clk 



Signal Component 



(TLATE-) 

{MCRST+MHOLDM-HTL1 FF+) 
(ACYEF+HTL1 FF+HJSTOP-) 

(IRSOP-)UMAOP-) 
(ACYEF+) (TLATE- ) (CASOP-) 

(LSXOP-MIOGRP-) 
(ACYEF+)(TL1 FF+)(JSTOP-) 

(IRSOP-) {IMAOP— ) 
(SWnn±)(STRB-) 

(ACYLF+)(TLATE+)(SUBOP-) 

(OPGAA+) 
(ACYLF+) (TLATE+) {SUBOP- ) 

(OPGAA+) 
(TL3FF+)(IOGRP-)(MCSET+) 

(ACYLF+)(TL4FF+)(OPGAA+) 

(IMAOP-) 
(ACYLF+)(TL4FF+)(OPGAA+) 

(IMAOP-) 
(ACYLF+)(TL4FF+)(OPGAA+) 

(IMAOP-) 
(SC2R0-) 
(PISEX-)(EOINS+)(TL4FF+) 

(OPGJS-) 
(TL1FF+)(SPMOD-)(IGACY+) 

(MEMCI+HMBSYX-) 



Origin 



127-K6 
128-N9 
125-B4 

127-K1 

125-B4 

80.04 

127-K9 

127-K9 

125-B5/ 
J5 
122-C2 

122-C2 

122-C2 

129-A1 
129-D4 

126-F12/ 
J12 
150-A2 



Destination 



116-F7/F9 
101-1 16-L9 
101-1 16-F11 

101-1 16-A4 

101-1 16-F5- 

F9 
10f-116-H8 

101-107-A9 

108-1 16-A9 

101-116-F5- 

F9 
101-1 16-L6 

101-108-J7 

109-1 16-J7 

101-1 16-E1 
101-116-K11 

150-A2 

150-D2 



Operation 



Force carry-in to bit 16 

Clear M register 

Clear D rstjister to 
ONEs 

Enable A register to 
adder 

Enable adder to D regis- 
ter 

Memory data set into 
M register 

Enable M(1-7) to adder 

Enable M(8-16) to adder 

Enable adder sum to 
D register 
Clear A register 

Enable D register to 

A(1-8) 
Enable D register to 

A(9-16) 
Clear Y register 
Enable P register to 

Yregister 
Enable memory cycle 

Start memory cycle 



2-5 



T2 



T2 
& 
T3 

(RATE) 



T3 



T4 



ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE 



JAM SHIFT COUNTER TO ONES PRIOR TO ENTRY 



EICTS- 



- (M) 



STROBE 



CLMTR- 



[EA] - (M) 



MMnnF- 



YES 



c 



-t 



A01 = M01 ? 
(CASAM-) 



^NO 



(A) + (M)- + 1 -* (D) VIA ADDER 



(A) ~ ADDER 

(775), _ 7 - ADDER 

(M)g_ ]6 -. ADDER 



EASTL+ 
ENSHL+ 
ENSLL+, EIK17- 



(A) - (D) VIA ADDER 



(A) - ADDER 



EASTL+ 



l's - (D) 
ADDER - (D) 



CLDTR- 
ESDTS+ 



SC^ 



~(Y) 
(D) ~(Y) 



C 



CLYTR- 
EDYTS+ 



A01 = M01 ? 
(CASAM-) 



c 



) 



NO 



YES 



(D) = 0? 
(DGONE-) 



3 



NO 



YES 



C 



D01 = 1 ? 



3H 



(A) > [EA] 



YES 



(A) = [EA] V (A)<[EA] 



1 - AZZZZ FF 
(SQ+1 ~(SC) 



SETAZ+ 
INCSC+ 



(SQ+1 ~(SC) 



© 



YES 



c 



Y01 = 1 ? 



) 



NO 



(A) < [EA] 



(A) = [EA] 



(f) + £ -. AL>L>tK 



T2 



T3 



T4 



EPSLL+, G16DJ-, L 

EIK17- 



(P) + 1 - ADDER 



l's-(D) 
ADDER ~(D) 



CLDTR- 
ESDTS+ 



~(P) 
(D) - (P) 



CLPTR- 
EDPTS+ 



- (Y) 
(P) - (Y) 
DEVELOP START MEMORY LEVEL 
SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
MEMCI+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYaE 



© 



EPSLL+, 
EIK17- 



(SC = 0) 



CAS 

3 CYCLES 

OP CODE 1 1 



© 



© 



2-6 



Instruction: Compare (CAS) 

OP Code: 11 Type: 

Description: If: (A)>IEA] 
(A)= [EA] 
(A) < [EA] 



No operation 

Skip next instruction 

Skip two instructions 



-hi 




^^^^H 


A 


A 


A 


A 


A 


A 


A 


A 


A 



5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jis): 4.8 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


CASAM- 


126-P6 








(CASOP+)A[(A01FF-(M01FF-) 
V(A01FF+)(M01FF+)] 


-J26-N6 


125-A12 


M01 = A01 


ACYEF+ 


119-G4 


F 


TL4 


L 


(TL4FF+)(EOINS-)(FOICY+) 


119-C5 


119-J5 


Set A-cycle 












[(M01FF-)at119-A5] 










EICTS- 


125-K9 


F 


TL4 


S 


(FCYLF+KTL4FF+HOPG3C+) 


125-A7 


121-A8 


ONEs to shift counter 




CLMTR- 


128-P9 


A 


TL1 


R 


(MCRST+HHOLDM-HTL1FF+) 


128-N9 


101-1 16-L9 


Clear M register 




MMnnF- 


142 








(SWnn.±)(STRB-) 


80.04 


101-1 16-H8 


Memory data set into 
M register 




EASTL+ 


127-P1 


A 


TLATE 


L 


( ACYLF+) (TLATE+) (CASOP-)- 


127-C1 


101-1 16-A4 


Enable A register to 
adder 




ENSHL+ 


127-P8 


A 


TLATE 


L 


(ACYLF+HTLATE+MOPGNS+) 
(IRSOP-) 


127-C12 


101-107-A10 


Enable M-(1-7) to adder 




ENSLL+ 


127-P7 


A 


TLATE 


L 


(ACYLF+)(TLATE+)(OPGNS+) 
(IRSOP-) 


127-C12 


108-1 16-A10 


Enable M- (8-1 6) to adder 




EIK17- 
CLDTR- 


127-P5 
125-K5 


A 
A 


TLATE 
TL3 


L 
R 


(CASOP+)(ACYLF+) 
(ANAOP-)(TL3FF+}(MCRST+) 


127-A8/ 
F8 

125-B7 


116-F7-F9 
101-116-F11 


Force carry to adder 




|SC^0 


ONEs to D register 




ESDTS+ 


125-M4 


A 


TL3 


S 


(TL3FF+H10GRP-)(MCSET+) 


125-B5 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 




CLYTR- 


129-P3 


A 


TL4 


R 


(CASOP+) (TL4FF+) (MCRST+) 


129-E1/ 
H3 
129-D5/ 


101-116-N12 


Clear Y register 




EDYTS+ 


129-P1 


A 


TL4 


S 


(BRREQ-)(EOINS-){CASOP+) 


101-116-J10 


Enable D register to 














(MCSET+HTL4FF+) 


F1/F5 




Y register 




DGONE- 


126-D9 








(D01FF-) through (D16FF-) 


126-A9 


125-B12 


D register equals 
ZERO 




SETAZ+ 


125-M7 


A 


TL4 


L 


(ACYLF+) (TL4FF+) (CASOP+) A 
(DGONE+)V(D01FF+) 


125-A11 
125-B12 


125-D7 


SETAZZZZF-F 




INCSC+ 


126-P5 


A 


TL4 


L 


(ACYLF+MTL4FF+)* 


126-L6 


121 -A4 


Increment shift counter 




G16DJ- 


116-C6 


A 


TL1 


L 


(TLATE-)(ACYEF+)(CASOP+) 
(Y01FF+) 


116-A2 


116-F7 
117-A8 


If (A)< [EA], force 
additional carry to adder 




EPSLL+ 


128-K4 


A 


TL1 


L 


(CASOP+) (TLATE-) 


128-F4 


101-1 16-A9 


Enable P register to 




E1K17- 


127-P5 


A 




L 


(TLATE-) 


127-K6 


116-F7-F9 


adder 
Force carry to adder 




TLATE 


CLDTR- 


125-K5 


A 


TL1 


R 


(ACYEF+KTL1 FF+HJSTOP-) 
(IRSOP-)(IMAOP-)(MCRST+) 


125-B4 


101-116-F11 


Clear D register to 
ONEs 




ESDTS+ 


125-M4 


A 


TL1 


S 


(ACYEF+) (TL1 FF+) (JSTOP- ) 
(IRSOP-)(IMAOP-)(MCSET+) 


125-B4 


101-1 16-D4- 
D8 


Enable adder sum to 
D register 




CLPTR- 


129-M10 


A 


TL2 


R 


(ACYEF+)(TL2FF+)(CASOP+) 


129-E9 


101-116-L12 


Clear P register 




EDPTS+ 


129-P9 


A 


TL2 


S 


(AZZZZ+)(MCRST+) 
(ACYEF+)(TL2FF+)(CASOP+) 


129-E9 


101-1 16-J11 






SC = 


Enable D register to 














(AZZZZ+)(MCSET+) 






P register 




CLYTR- 


129-P3 


A 


TL4 


R 


(CASOP+) (TL4FF+) (MCRST+) 


129-E1/ 
H3 
129-D4 


101-116-N12 


Clear Y register 




EPYTS+ 


129-P4 


A 


TL4 


S 


(PISEX-)(EOINS+)(TL4FF+) 


101-1 16-L10 


Enable P register to 














(OPGJS-)(MCSET+) 






Y register 




MEMCI+ 


126-K12 


A 


TL1 


L 


(TL1FF+)(SPMOD-) (IGACY+) 


126-F11/ 
H11 
150-A2 


150-A2 


Enable memory cycle 




COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCI+)(MBSYX-) 


150- D2 


Start memory cycle 




*{SC) = 1 


from previo 


us F-cy 


cle) 








- 





2-7 



ENTER A-CYCLE FROM INSTRUCTION WORD 
FETCH OR LAST INDIRECT ADDRESS CYCLE 



T1 



ACYEF+ 



DEVELOP START MEMORY LEVEL 
0- (M) 



MEMC1+ 
CLMTR- 



T2 


STROBE 

L 
i_ 
L 
L 


[EA] -(M) 


MMnnF- 





<r 


. 


T2 
& 

T3 

(TLATE) 


(A) - ADDER 

JAM CARRY NETWORK 

(M) 1 _ 7 ~ ADDER 

(M) g _ 16 - ADDER 


EASTL- 
JAMKN- 
EMSHL- 
EMSLL- 












R 
S 


" 




T3 


1"«- fl>) 

ADDER - (D) 


CLDTR- 
ESDTS+ 












R 
S 
S 
S 
L 


V 




T4 


- (A), - (Y) 

<°>l-8 - (A) l-8 
(D) 9 _ 16 - (A) 9 _ 16 

<P) - CO 
SET F-CYCLE ENTRY F-F 


CLATR-, CLYTR- 

EDAHS+ 

EDALS+ 

EPYTS+ 

FCYEF+ 



7 



NEXT INSTRUCTION 
FETCH CYCLE 



ERA 

2 CYCLES 

OP CODE 05 



Instruction: Exclusive OR (ERA) 

OP Code: 05 Type: MR, 2 cycle 

Description: (A) V [EA] -> (A) 







tb 




? 
























F 


T 








SS! 


1 s 


A 


A 


A 


A 


A 


A 


A 


A 


A 



5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time Ifis): 3.2 



Signal 



CLMTR- 
MMnnF- 

EASTL+ 

JAMKN- 
EMSHL+ 

EMSLL+ 

CLDTR- 

ESDTS+ 

CLATR- 

EDAHS+ 

EDALS+ 

CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 



Origin Cyc 



128-P9 
142 

127-P1 

127-L4 
127-P9 

127-P11 

125-K5 

125-M4 

122-K8 

122-P1 

122-P3 

129-P3 

129-P4 

126-K12 

150-D2 



A 
A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

F 



Tim 



TL1 

TLATE 

TLATE 
TLATE 

TLATE 

TL3 

TL3 

TL4 

TL4 

TL4 

TL4 

TL4 

TL1 

TL1 



Clk 



Signal Component 



{MCRST+HHOLDM-MTL1 FF+) 
(SWnn±){STRB-) 

(ERAOP+MTLATE+) 

(ACYLF+) 
(ACYEF+HERAOP+) 
{ACYLF+HTLATE+HSUBQP-j 

(OPGAA+) 
(ACYLF+) (TLATE+) (SUBOP-) 

(OPGAA+) 
(ANAOP-)(TL3FF+)(MCRST+) 

(TL3FF+){IOGRP-){MCSET+) 

(ACY LF+) (TL4F F+) (OPGAA+) 

(IMAOP-) 
(ACYLF+) (TL4FF+) (OPGAA+) 

(IMAOP-) 
(ACYLF+)(TL4FF+)(OPGAA+) 

(IMAOP-) 
{SCZ R0+} {TL4F F+) (MCRST+) 

(PISEX-HEOINS+MTL4FF+) 

{OPGJS-) 
{TL1 FF+)(SPMOD-){IGACY+) 

(MEMCI+){MBSYX-) 



Origin 



128-P9 
80.04 

127-C1 

127-C4 
127-KS 

127-K9 

125-B7 

125-B5 

122-C2 

122-C2 

122-C2 

129-E1/ 
H3 
129-D4 

126-F12/ 
J12 
150-A2 



Destination 



101-116-L9 
101-1 16-H8 

101-1 16-A4 

101-1 16-C9 
101-10/-A9 

108-1 16-A9 

101-1 16-F11 

101-1 16-F5- 

F9 
101-1 16-L6 

101-108-J7 

109-116-J7 

101-1 16-N12 

101-1 16-L10 

150- A2 

150-D2 



Operation 



Clear M register 
Memory data set into 

M register 
Enable A register to 

adder 
Jam carry network 
Enable Mi 1-7} to adder 

Enable M{8-16) to adder 

Clear D register to 

ONEs 
Enable adder sum to 

D register 
Clear A register 

Enable D register to 

A register (1-8) 
Enable D register to 

A(9-16) 
Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 



2-8 



ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE 

JAM SHIFT COUNTER TO ONES PRIOR TO ENTRY 



Tl 



T2 



STROBE 




EICTS- 



MEMCI+ 
CLMTR- 



MMnnF- 





L 




♦ 


EMSHL- 
EMSLL- 

CLDTR- 
ESDTS+ 






T2&T3 
(TLATE+) 


(M) -ADDER 


SC^ 




' 








R 
S 






T3 


l's-(D) 
ADDER -(D) 














L(AND DURING SC = 0) 
S 

L 
R 
L 
S 


i 


' 


(RRCXX+)- 
INCSC+ 

MEMCI+ 
CLMTR- 
EASTL+ 
ESMTSf 


^ 
■« 




T4 


ENABLE MEMORY WRITE 
(SC) + 1-(SC) 







1 


' 




Tl 


DEVELOP START MEMORY LEVEL 

0-(M) 
(A) -ADDER 
ADDER -(M) 














R 
S 


< 


' 


CLATR- 
EDAHS+, EDALS+ 








- (A) 
(D) -(A) 




T2 


sc = o 
















' 


r 






T3. 
















R 
S 
L 


1 




CLYTR- 
EPYTS+ 

FCYEF+ 






T4 


(P)-(Y) 
SET F-CYCLE ENTRY F-F 











NEXT INSTRUCTION 
FETCH CYCLE 



iMA 

3 CYCLES 

OP CODE 13 



Instruction: Interchange Memory and A (IMA) 
OP Code: 13 Type: MR, 3 cycle 

Description: (EA) ^ {A} 



F T ■■■ II A A A A A A A 



Signal 



ACYEF+ 

EICTS- 

CLMTR- 
MMnnF^- 

EMSHL+ 
EMSLL-4- 
CLDTR- 

ESDTS+ 

MEMCI+ 
INCSC+ 
COXXX+ 
[SCSTP+] 

RRCXX- 

CLMTR- 
EASTL+ 

ESMTS+ 

CLATR- 
EDAHS+ 
EDALS+ 
CLYTR- 
FCYEF+ 

EPYTS+ 

MEMCI+ 
COXXX.+ 



Origin 



119-G4 

125-P9 

128-P9 
142 

127-P9 
127— Pit 
125-K5 

125-M4 

126-K12 
126-P5 
150^02 
121-C4 

126-N8 

128-P9 
127-P1 

128-G11 

122-K8 
122-P1 
122-P3 
129-P3 
119-G10 

129-P4 

126-K12 
150-D2 



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time {jus}: 4.8 



Cyc 



A 
A 

A 

A* 
As* 
As 
As 

As 

As 
As 
As 
As 
As 

As 

As 



Tim 



TL4 
TL4 
TL1 



TLATE 
TLATE 
TL3 

TL3 

TL4 
TL4 
TL4 
TL4 

TL4 
TL3 
TL1 
TL1 

TL1 

TL2 
TL2 
TL2 
TL4 
TL4 

TL4 

TL1 
TL4 



Clk 



L 
S 
R 

R 

S 

L 
L 
S 
S 

L- 

L 
R 

L 



Signal Component 



(TL4FF+HEOINS-MFOICY+) 

[{M01FF-)@119-A5] 
(FCYLF+HTL4FF+HOPG3C+)* 

(MCRST+HHOLDM-HTL1 FF+) 
(SWrm+HSTRB-) 

r{ACYLF+)(TLATE+MSUBOP-) 1 
L (OPGAA+) J 

(ANAOP-HTL3FF+) 

(TL3FF+)(IOGRP-) 

(MEMCI-) 

(ACYLF+)(TL4FF+) 

(MEMC1+)(MBSYX-) 

{ INCSC+) (SCZR0-) (MCSET+) 

(ACYEF+HOPGWR+HWRINH-) 

(MCRST+){HOLDM-)(TL1FF+) 
(ACYE F+) (TLATE- ){CASOP- ) 

(LSXOP-HIOGRP-) 
(R RCXX-) (MASTO- KOPGSM+) 

(TL1FF+HMCSET+) 
(CLATL+)(MCRST+)* 
f(EOINS+KTL2FF+)(OPGAA+)~| 
L OPGSM+) J 

(TL4FF+MACYNX-)* 
(Set: (TL4FF+)(EOINS+y) 

(PISEX-)(EOINS+)(TL4FF+) 
(OPGJS-) 

(TL1FF+) (SPMOD-) (IGACY+) 
(MEMCI+)(MBSYX-) 



*OPG3C+ @ 1 20-N4 = (IMAOP-), etc. 

'A/TL4/L - As/TL3/L= (ACYLF+)(TL4FF+) (SCZR0-)V(ACYEF+)(SCZR0+) 

*A/ = A-cycle + SC ¥= 0, As/ = A-cycle + SC = 

*{CLATL+) = (EOINS+)(TL2FF+)(OPGAA+HOPGSM+) @ 122-A3 
*(ACYNX=) = ((ACYLF+)(LSXOP-)(CASOP-)(SCZR0-»@ 129-E1 



Origin 



119-C5 

125-A7 

128-N9 
80.04 

127-K9 
127-K9 
125-B7 

125-B5 

126-G12 
126-L6 
150-A2 
121-A4 

126-G8 

128-P9 
127-K1 

128-C11 

122-G6 
122-A3 
122-A3 
129-H3 
119-C10 

129-D4 

126-G12 
150-A2 



Destination 



119-J5 

121 -A8 

101-1 16-L9 
101-1 16-H8 

101-107-A9 
108— 116— A9 
101-116-F11 

101-1 16-F5- 
F9 

150-A2 
121-A4 
150-D2 
121-X6 

150-D6 

101-1 16-L9 
101-1 16-A4 

101-116-J9 

101-1 16-L6 
101-108-J7 
109-1 16-J7 
101-1 16-N12 
119-K10 

101-116-L10 

150-A2 
150-D2 



Operation 



Set A-cycle at next TL1 

Jam shift counter to 

ONEs 

Reset M register 
Memory data set into 

M register 

Enable M(1-8) to adder 
tnabie M(9-16) to adder 
Clear D register to 

ONEs 
Enable adder sum to 

D register 

Enable memory cycle 
Enable step shift counter 
Start memory cycle 
Step shift counter to 

ZERO 
Block STRB1+ to enable 

memory write cycle 
Reset M register 
Enable A register to 

adder 
Enable adder RnnPA+ 

output into M register 
Reset A register 
Enable D{1-8) into A{1-8) 
Enable 0(9-16} into A(9-16) 
Reset Y register 
Enable set FCYLF+at 

nextTL1FF+ 
Enable P register into 

Y register 
Enable memory cycle 
Start memory cycle 



2-9 



ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 

^ OR_LAST J^DjRECT_ADDRESS_CYCLE 

JAM SHIFT COUNTER TO ONE'S PRIOR TO ENTRY 



EICTS- 



DEVELOP START MEMORY LEVEL 

- (M) 



MEMCI+ 
CLMTR- 



T2 



STROBE 



± 



[EA] - (M) 



MMnnF- 



T3 



FORCE CARRY TO ADDER 
l's - (D) 
ADDER - (D) 



EMSHL+, EMSLL+ 
EIK17- 
CLDTR- 
ESDTS+ 



sc^ o 



BLOCK STROBE 
INCREMENT SHIFT CTR 



T4 



(RRCXX-) 
INCSC+ 



(DGONE+) 







\ 


(D) = 


= 






NO 














YES 


















r 






' 


MEMCI+ 








L 


SET AZZZZ F-F 


SETAZ+ 




























♦ 










' 






L 


DEVELOP START MEMORY LEVEL 


MEMC1+ 


L 


DEVELOP START MEMORY LEVEL 




Tl 


R 


- (M) 




CLMTR- 


R 


- (M) 


CLMTR- 








S 


(D) - (M) 




EDMTS+ 


S 


(D) - (M) 


EDMTS+ 

































1 


' 








IF 








T2 














sc 


= 






1 


' 




CLDTR- 




' 


r 


CLDTR- 








R 


l's - (D) 




R 


l's - (D) 




T3 


L 


(P) + 1 -* ADDER 




EPSLL+, 


L 


(P) - ADDER 


EPSLL+ 








S 


ADDER - (D) 




EIK17- 
ESDTS+ 


S 


ADDER - (D) 


ESDTS+ 
































! 


t 
















R 




-(P) 




CLPTR- 








S 




(D) - (P) 




EDPTS+ 








T4 




R 
S 




-(Y) 
(D) ~(Y) 




CLYTR- 
EDYTS+ 












S 




SET F-CYCLE ENTRY F-F 


FCYEF+ 




«•- 
































' 



















NEXT INSTRUCTION 
FETCH CYCLE 



IRS 

3 CYCLES 

OP CODE 1 2 



Instruction: increment. Replace, and Skip (IRS) 
OP Code: 12 Type: MR, 3 cycles 

Description: [EA] + 1 -> [EA] 





t 


1 




2 
































F 


T 










S 


A 


A 


A 


A 


A 


A 


A 


A 


A 







5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jus): 4.8 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


ACYEF+ 


119-G5 


F 


TL4 


L 


(TL4FF+)(EOINS-) 
(M01ML.-MFCYL.F+) 


119-A6 


119-K5 


Set A-cycIe F F at next 
TL1 


EICTS- 


125-K9 


F 


TL4 


S 


(FCYLF+HTL4FF+HOPG3C+) 
(MCSET+) (AZZZZ- ) 


125-A7/ 
J9 


121-A8 


Jam shift counter to 
ONEs 


CLMTR- 


128-P9 


A 


TL1 


R 


(MCRST+)(HOLDM-)(TL1FF+) 


128-N9 


101-116-L9 


Clear M register 


MMnnF- 


142 








(SWnn+HSTRB-) 


80.04 


101-1 16-H8 


Memory data set into 
M register 




















c:»isn !_"!- 


i £. ! -rs 


t\ 


1 LO 


i. 


inoi C!" r;\irso«jr-r;\csU£.rsu-; 


'.£.!— r ! i 


iws — \ui— /-*.» 


ciiaote :vn j"// iobbuh 


EMSLL+ 


127-P11 


A 


TL3 


L 


(ACYEF+)(IRSOP+)(SCZRtH 


127-F11 


108-1 16-A9 


Enable M(8-16) to adder 


EIK17- 


127-P5 


A 


TL3 


L 


(ACYEF+HIRSOP+MSCZRO-) 


127 F11 


116-F7-F9 


Force carry to adder 


CLDTR- 


125-K5 


A 


TL3 


R 


(ANAOP-)(TL3FF+) 


125 B7 


101-1 16-F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


A 


TL3 


S 


UL3FF+)(iOGRP-)(MCSET+) 


125-65/ 
J5 


1 01-11 6-F5- 
F9 


Enable adder sum to 
D register 


MEMCI+ 


126-K12 


A 


TL4 


L 


(TL1FF+)(SPMOD-) (IGACY+) 


126-F12/ 
J12 
126-L6 


150-C1 


Enable set RCYF1+ 


INCSC+ 


126-P5 


A 


TL4 


L 


(ACYLF+)(TL4FF+J 


121-A4 


Increment shift counter 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCI+HMBSYX-) 


150-A2 


150-D2 


Start memory cycle 


SCSTP+ 


121-C4 


A 


TL4 


S 


(I NCSC+) (SCZRO- ) (MCSET+) 


121-A4 


121-X6 


Step shift counter to 
ZERO 


RRCXX- 


126-N8 


A 


TL4 


L 


(ACYEF+) (OPGWR+) (WR INH- ) 


126-G8 


150-D6 


Block STRB1+ to enable 
memory write cycle 


DGONE+ 


126-D9 


A 


TL4 


L 


(D01FF-) through (D16FF-) 


126-A9 


125-B12 


D register 1-16 equals 
ZERO 


SETAZ+ 


125-M7 


A 


TL4 


L 


(OPGNS+)(ACYLF+){DGONE+) 


125-B12 


125-D7 


Set AZZZZ+ FF 


CLMTR- 


128-P9 


A 


TL1 


R 


(MCRST+)(HOLDM-)(TL1FF+) 


128-N9 


101-1 16-L9 


Clear M register 


EDMTS+ 


128-K12 


A 


TL1 


S 


(RRCXX-)(OPGSM-)(TL1FF+) 


128-F12 


101-1 16-J8 


Enable D register to 
M register 


EIK17- 


127-P5 


A 


TL3 


L 


(ACYE F+) { I RSOP+) (AZZZZ+) 


127-F6 


116-F7-F9 


Force carry to adder 


EPSLL+ 


128-K4 


A 


TL3 


L 


{EOINS+HIRSOP+) 


128-C4 


101-116-A9 


Enable P register to 


















adder 


CLDTR- 


125-K5 


A 


TL3 


R 


(ANAOP-)(TL3FF+)(MCRST+) 


125-B7 


101-1 16-F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


A 


TL3 


S 


(TL3FF+)(IOGRP-)(MCSET+) 


125-B5 


1 01-11 6-F5- 
F9 


Enable adder sum to 
D register 


CLPTR- 


129-M10 


A 


TL4 


R 


(OPGJS+)(EOINS+)(TL4FF+) 


129-E8 


101-1 16-E8 


Clear P register 


EDPTS+ 


129-L9 


A 


TL4 


S 


(OPGJS+MEOI NS+MTL4FF+) 


129-E8 


101-1 16-J11 


Enable D register into 
P register 


CLYTR- 


129-P3 


A 


TL4 


R 


(ACYNX-)(TL4FF+)(MCRST+) 


129-H3/ 
N3 
129-E1 


101-1 16-N 12 


Clear Y register 


EDYTS+ 


129-P1 


A 


TL4 


S 


(MCSET+) (TL4F F+) (SCZRO- ) 


101-1 16-J10 


Enable D register into 












(EOINS-HOPGJS-) 


D4 




Y register 


MEMCI+ 


126-K12 


A 


TL1 


L 


(TL1FF+)(SPMOD-) (IGACY+) 


126-F12/ 
J12 
150-A2 


150-C1 


Enable memory cycle 


COXXX+ 


150-D2 


F 


TL1 


I 


{MEMCI+MMBSYX-) 


150-D2 


Start memory cycle 



2-10 





ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 


FCYEF+ 














T 






Tl 


L DEVELOP START MEMORY LEVEL 

r - (M), Ts ~ (D) 
L (p) + 1 - ADDER, ~ (F) 
S ADDER - (D) 




MEMCI+ 

CLMTR-, CLDTR- 

EPSLL+, EIK17-, CLFTL- (SEE NOTE) 

ESDTS+ 





STROBE 
R 
S 


♦ 




T2 


[EA] - (M) 

- (P) 

(D) - (P) 


MMnnF- 

CLPTR- 

EDPTS+ 


- 










L 


' V 






0M)3-6 * < F >3-6 


EMFTL+ 


T2 

& - 


" 





(TLATE) 



yes r ~ 



SECTOR ZERO? 
(M07 =- 0) 



~*\ NO 



j 

yes/ indexing? "N no 

^ (M02 = l) J 

t ' v YES 

LDX? ) : » 



/ ' V YES 

( LDX? ) 



NO 



(M) 8 16 + (X) 1 16 -(D) VIA ADDER 

-i 



( IPX? ) 



(X) - ADDER 

(M),_ 7 - ADDER 

< M ) 8 -16 ~ ADDER 

(M)- 1? - ADDER 



EXSTL+ 
EMSHL+ 
EMSLL+ 
ENSHL+ 



. (D) ,_ 7 
Mfi-16 ~ (D) 8 _ ]6 VIAADDER 

(M) ]7 - ADDER 



YES/ "" 



INDEXING? 
(M02 = l) 



"~"\ nO 



NO 



^1-7' ( M >8-16 + < X) 1-16 - (D) V,A ADDER 



(X) - ADDER 

(Y),^- ADDER 

(M)g_ ]6 - ADDER 



(M)g_ ]6 - ADDER 
(M)- 17 '- ADDER 



EMSHL+ 
EMSLL+ 
ENSHL+ 



T3 



EXSTL+ 
EYSHL+ 
EMSLL+ 



(Y),_ ? , (M)g_ ]6 - (D ) VIA ADDER 



Cf) } _ ? - ADDER 
(M) g _ 16 - ADDER 



EYSHL+ 
EMSLL+ 



1'* - (D) 
ADDER - (D) 



CLDTR- 
ESDTS+ 



(FROM MEMORY REFERENCE F-CYCLE 
ORI-CYCLE. Page 2-2 or 2-3) 



— (Y) 
(D)— (Y) 



YES 



T4 



t 



INDIRECT ADDRESS 
(M01 = 1 ) 



D 



NO ([EA] IS IN Y) 



_L 



. (Y), - (P) 
(D) -00 
(D) -<P) 
SET F-CYCLE ENTRY F-F 



CLYTR-, CLPTR- 
EDYTS+ 
EDPTS+ 
FCYEF+ 



STANDARD 
l-CYCLE 



NEXT INSTRUCTION 
FETCH CYCLE 



JMP 

1 CYCLE 
OP CODE 01 



Instruction: Unconditional Jump (JMP) 
OP Code: 01 Type: MR, 1 cycle 

Description: EA -*■ (P) 
















1 




























* 




F 


T 1 










IB 


A 


A 


A 


A 


A 


A 


A 


A 


A 



5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (/is): 1.5 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


EPSLL+ 


128-K4 


F 




L 


(FCYEF+) (TLATE-) 


128-F3 


101-1 16-A9 


Enable P register to 


TLATE 








^— 










adder 


EIK17- 


127-P5 


F 


TLATE 


L 


(TLATE-) 


127-K6 


116-F7-F9 


Force carry to adder 


OS_!« I rv- 


szo— r» 


r 


: i_s 


n 


tiviurus i -t-finuLLJiVt-K '• L'l r-r+j 


rzts— My 


iui— no— L.y 


wear ivi register 


CLDTR- 


125-K5 


F 


TL1 


R 


(ICYEF-HACYEF-HTL1FF+) 
(MCRST+) 


125-A6 


101-116-F11 


Clear D register to 
ONEs 


CLFTL- 


125-K8 


F 


TL1 


R 


(ICYEF-)(ACYEF-)(TL1FF+) 
(MCRST+) 


125-A6 


120-A1 
121-A5 
125-D8 


Clear F register 
Clear shift counter 
Clear AZZZZ FF 


ESDTS+ 


125-M4 


F 


TL1 


S 


(ICYEF-)(ACYEF-)(TL1FF+) 
(MCSET+) 


125-A6 


101-116-D4- 
F9 


Enable adder sum to 
D register 


MMnnF- 


142 








(SWnn±)(STRB-) 


80.04 


101-116-H8 


Memory data set into 
M register 


CLPTR- 


129-M10 


h 


TL2 


R 


(EDPTR+)(MCRST+) 


129-L10 


101-1 16-L12 


Clear P register . 


EDPTS+ 


129-P9 


F 


TL2 


S 


(EDPTR+)(MCSET+) 


129-L9 


101—1 16— J11 


Enable D register into 
P register . > 


EMFTL+ 


128-P4 


F 


TLATE 


L 


[{M07FF+)V(M07FF-)]A 
[(FCYLF+)(TLATE+)(GENOP-) 
(MEMAC-)] 


128-J4 


120-A2 


Enable M{3-6) into F(3-6) 


EMFTL- 


128-K3 


F 


TLATE 


L 


See EMFTL+(M07FF+) 


128-G4 


127-L9 


Generate EMSHL+ and 
ENSHL+ 


EXSTL+ 


128-P5 


F 


TLATE 


L 


(FOICY+HMEMAC-MM02FF+) 
(GENOP-)(EXSTR+) 


128-H6 


101-116-A5 


Enable X register to 
adder 


EMSHL+ 


127-P9 


F 


TLATE 


L 


(FCYSO-) 


127-G10 


101-107-A9 


Enable M(1-7) to adder 


ENSHL+ 


127-P8 


F 


TLATE 


L 


(FCYSO-) 


127-G10 


101-107-A10 


Enable M- ( 1 -7) to adder 


EMSLL+ 


127-P11 


F 


TLATE 


L 


(FCYSO-) 


127-G10 


108-1 16-A9 


Enable M (8-46) to adder 


EYSHL+ 


128-P3 


F 


TLATE 


L 


(FCYLF+HTLATE+HGENOP-) 
(MEMAC-)(M07FF+) 


128-J3 


101-107-A12 


Enable Y(1-7) to adder 


CLDTR- 


125-K5 


F 


TL3 


R 


(ACYLF-)(TL3FF+)(MCRST+) 


125-B6 


TOi— ire— fii 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL3 


S 


(IOGRP-)(TL3FF+)(MCSET+) 


125-B5 


101-1 16-F5- 
F8 


Enable adder sum to 
D register ' 


CLYTR- 


129-P3 


F 


TL4 


R 


(ACYNX-) (TL4FF+HMCRST+) 


129-H3/ 
N3 
129-E8/ 


101-116-N12 


Clear Y register 


CLPTR- 


129-M10 


F 


TL4 


R 


(OPGJS+)(EOINS+)(TL4FF+) 


101-116-L12 


Clear P register 












(MCRST+) 


L10 






EDPTS+ 


129-P9 


F 


TL4 


S 


(OPGJS+)(EOINS+)(TL4FF+) 
(MCSET+) 


129-E8/ 
L9 


101-1 16-J11 


Enable D register into 
P register 


EDYTS+ 


129-P1 


F 


TL4 


S 


(ACYNX- ) (MCSET+) (TL4F F+) 
(BREO-HOPGJS-) 


129-L1 


101-1 16-J10 


Enable D register into 
Y register 


MEMCI+ 


126-K12 


F 


TL1 


L 


(TL1FF+)(SPMOD-) (IGACY+) 


126-F12/ 
J12 
150-A2 


150-A2 


Enable memory cycle 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCI+MMBSYX-) 


150-D2 


Start memory cycle 



2-11 



Tl 



T2 



T4 



Tl 



T2 



T3 



T4 



ENTER A-CYCLE ROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE. 

JAM SHIFT COUNTER TO ONES PRIOR TO ENTRY 



EICTS- 



DEVELOP START MEMORY LEYEL 
0-(M) 



STROBE 



[EA] • (M) 



l's - (D) 
(P) - ADDER 
ADDER -' "(D) 



ENABLE MEMORY WRITE 
(SC) + 1-(SC) 



DEVELOP START MEMORY LEVEL 
~ (M) 
(D) - (M) 



ADDER 



^1-7 - 

^8-1 6 

l's - (D) 
ADDER ~ (D) 



0~(Y), 0-(P) 
(D) -<P) 
(D) ~(Y) 
SET F-CYCLE ENTRY F-F 



NEXT INSTRUCTION 
FETCH CYCLE 



NOTE: FLAG AND TAG BITS ARE PRESERVED BY H02DJ+, 136-F6 
FOR EXTENDED ADDRESSING 



MEMCI+ 
CLMTR- 



MMnnF- 



CLDTR- 
EPSLL+ 
ESDTS+ 



SC^ 



MEMCI+, RCYF1 + 

(RRCXX-) 

INCSC+ 



MEMCI+ 
CLMTR- 
EDMTS+ 



SC=0 



EYSHL+ 

EYSLL+,EIK17- 
CLDTR- 
ESDTS+ 



CLYTR-, CLPTR- 
EDPTS+ 
EDYTS+ 
FCYEF+ 



JST 

3 CYCLES 

OP CODE 10 



Instruction: Jump and Store Location (JST) 
OP Code: 10 Type: MR, 3 cycles 

Description: (P)^ g ~* I E A] 3 _ 1 g 
[EA] + 1 -* (P) 






4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (j*s): 4.8 



Signal 


Origin 


Cyc 


Tim 


Cik 


Signal Component 


Origin 


Destination 


Operation 


ACYEF+ 


119-G5 


F 


TL4 


L 


{TL4FF+)(EOINS-)(FOICY+) 
[<M01FF-)at119-A5] 


119-D5 


119-K5 


Set A-cycle at next TL1 


EICTS- 


125-K9 


F 


TL4 


S 


(FCYLF+) (TL4FF+) (OPG3C+) 


125-A7 


121-L9 


ONEs to shift counter 


CLMTB- 


128-P9 


A 


TL1 


R 


{MCR5T+HHOLDM-HTL1 FF+) 


128— N9 


101-1 16-H9 


Clear M register 


MMnnF- 


142 








(SWnn±)(STRB-) 


80.04 


101-1 16-H8 


Memory data set into 
M register 


CI..DTR- 


125-K5 


A 


TL3 


R 


(ANAOP- HTL3FF+HMCRST+) 


125-B7 


101-1 16-F11 


Clear D register to 


EPSLL+ 


128-K4 


A 


TL3 


L 


{ACYEF+) (JSTOP+HSCZR0-) 


128-F5 


101-116-A9 


ONEs 


SC#0 


Enable P register 


















to adder 


ESDTS+ 


125-M4 


A 


TL3 


S 


(TL3FF+HIOGRP-MMCSET+) 


125-B5 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


INCSC+ 


126-P5 


A 


TL4 


L 


(ACYLF+}(TL4FF+) 


126-L6 


121-A4 


Enable step shift 
counter ^_ 


SCSTA- 


121-A4 


A 


TL4 


S 


(INCSC+)(SCZRO-}(MCSET+) 


121 -A4 


121-A4 


Shift counter to ZEROs^ 


MEMCI+ 


126-K12 


A 


TL1 


L 


(TL1FF+) (SPMOD-) (IGACY+) 


126-G12 


150-C1 


Enable memory cycle 


COXXX+ 


150-D2 


F 


TL1 


L 


<MEMCI+)(MBSYX-) 


150-A2 


150-D2 


Start memory cycle 


RRCXX- 


126-P8 


A 


TL4 


L 


(ACYEF+)(OPGWR+){WRINH-) 


126-J8 


150-D6 


Block STRB1+ and 
enable MWC* 


CLMTR- 


128-P9 


A 


TL1 


R 


(See CLMTR- above) 








EDMTS+ 


128-K12 


A 


TL1 


S 


(RRCXX-HOPGSM-MMASTO-) 
(TL1FF+)(MCSET+) 


128-F12 


101-116-J8 


Enable D register into 
M register 


EYSHL+ 


128-P3 


A 


TL3 


L 


(ACYEF+)(JSTOP+)(SC2R0+) 


128-L2 


101-107-A12 


Y(1-7) to adder 


EYSLL* 


128-P2 


A 


TL3 


L 


(ACYEF+)(JSTOP+)(SCZR0+) 


128-L2 


108-116-A12 


Y(8-16) to adder 


EIK17- 


127-P5 


A 


TL3 


L 


(EYSLL-) 


127-K6 


116-F7 


Force carry to adder 


CLDTR- 


125-K5 


A 


TL3 


R 


(ANAOP-}{TL3FF+)(MCRST+) 


125-B7 


101-1 16-F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


A 


TL3 


S 


(TL3FF+)(IOGRP-)(MCSET+) 


125-B5 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


CLYTR- 


129— P3 


A 


TL4 


R 


(ACYNX-)(TL4FF+)(MCRST+) 
(OPGJS+) (EOINS+MTL4FF+) 


129-H3/ 


101-1 16-N12 


dear Y register .„_ 


CLPTR- 


129-M10 


A 


TL4 


R 


N3 
129-E8/ 


101-1 16-L12 


|SC = 


Clear P register 












(MCRST+y 


L9 






EDPTS+ 


129-P9 


A 


TL4 


S 


(OPGJS+)(EOINS+)(TL4FF+) 
(MCSET+) 


129-E8/ 
L9 


101-1 16-J11 


Enable D register into 
P register 


EDYTS+ 


129-P1 


A 


TL4 


S 


(ACYNX-)(MCSET+)(TL4FF+) 
(BRREQ-)iOPGJS-) 


129-L17 
D4/F5 


101—116^110 


Enable D register into 
Y register 


MEMCI+ 


126-K12 


A 


TL1 


L 


(TL1FF+){SPMOD-) (IGACY+) 


126-F12/ 
J12 
150-A2 


150-A2 


Enable memory cycle 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCI+)(MBSYX-) 


150-D2 


Start memory cycle 


*MWC = Memory write cycle 












«-l 


NOTE: 


Bit 02 of the 


P-regis 


>ter is stored when the memory expansion option is present and the computer is in the extended mode. 



2-12 



ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE 





T1 










L 

R 
R 


DEVELOP START MEMORY LEVEL 
l's -(D) 
- (M) 


MEMCI+ 
CLDTR- 
CLMTR- 




T2 




1 


' 






STROBE 


' [EA]-(M) 


MMnnF- 














T2 AND T3 
(TLATE+) 




" 






L 


(M) -ADDER 


EMSHL+ 
EMSLL+ 














T3 




1' 






S 


ADDER - (D) 


ESDTS+ 














T4 




i 


' 






R 
S 
L 


- (A), 0-00 

(D) -(A), <P) -(Y) 

SET F-CYCLE ENTRY F-F 


CLATR-, CLYTR- 
EDAHS+, EDALS+, EPYTS+ 
FCYEF+ 


















< 


r 





Instruction: Load A (LDA) 

OP Code: 02 Type: MR, 2 cycles 

Description: (EAI -*■ {A} 



F T Eillillli H^ 1 SAAAAAAAAA 



4 5 6. 7 8 9 10 11 12 13 14 15 16 
Execution Time (jus): 3.2 



NEXT INSTRUCTION 
FETCH CYCLE 



LDA 

2 CYCLES 

OP CODE 02 



Signal 



ACYEF+ 



CLMTR- 
MMnnF- 

EMSHL+ 
EMSLL+ 
ESDTS+ 

CLATR- 
CLYTR- 
EOAHS+ 
EDALS+ 
EPYTS+ 

FCYEF+ 

MEMCI+ 
COXXX+ 



Origin 



119-G5 



128-P9 
142 

127-P9 

127-P11 

125-M4 

122-K8 
129-P3 
122-P1 
122-P3 
129-P4 

119-G10 

126-K12 
150-D2 



Cyc 



Tim 



TL4 
TL1 
TL1 



TLATE 
TLATE 
TL3 

TL4 
TL4 
TL4 
TL4 
TL4 

TL4 



TL1 
TL1 



Clk 



Signal Component 



(TL4FF+MEOINS-MFOICY+) 
[{M01 FF-) @ 1 19-A5] 

(AUY hP+) (TL 1 FF+) (JSTOP- ) 
(IRSOP-)(IMAOP-) 

(MCRST+) (HOLDM+) (TL1 FF+) 

(SWnn+)(STRB-) 

f?ACYLF+)(TLATE+)l 
L(SUBOP-KOPGAA+)J 
(TL3FF+}(IOGRP-) 

(CLATL+){MCRST+)* 
(TL4FF+J(ACYNX-)** 
PACYLF+)(TL4FF+) ~| 
UOPGAA+) { I M AOP- U 
(PISEX-) (EOI NS+) (TL4FF+) 

{OPGJS-} 
[Set: (TL4FF+)(EOINS+) 

(DMCRQ-)(PISEX-)] 
(TL1FF+) (SPMOD-) (IGACY+) 
(MEMCI+) (MBSYX-) 



*{CLATL+) @ 122-G6 = (ACYLF+}(TL4FF+){OPGAA+)(IMAOP-) @ 122-C2 
(ACYNX-) @ 129-F1 = <(ACYLF+)(LSXOP-)(CASOP-)(SCZR0-}) -@ 129-E1 



Origin 



119-C5 



Destination 



119-J5 



125-B4 101-1 16-F 11 



128-K8 
80.04 

127-K9 
127-B5 
125-B5 

122-J8 
129-H3 
122-C2 
122-L2 
129-D4 

119-D10 

126-G12 
150-A2 



101-1 16-H9 
101-1 16-H8 

101-107-A9 
108-1 16-A9 
101-116-F5- 
F9 
101-116-L6 
101-116-N12 
101-108-J7 
109-1 16-J7 
101-116-J11 

119-C10 

150-A2 
150-D2 



Operation 



Set A-cycle at next TL1 

Clear D register to 

ONEs 

Reset M register 
Memory data set into 

M register 
Enable M(1-7) to adder 
Enable M{8-16) to adder 
Enable adder sum to 

D register 
Reset A register 
Reset Y register 
Enable D(1 -8) into A{ 1-8) 
Enable D{9-16) into A{9-16) 
Enable P register into 

Y register 
Enable set FCYLF+ at 

nextTL1FF+ 
Enable memory cycle 
Start memory cycle 



2-13 



ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE 

JAM~Sh7fF COUNTER TO ONES PRIOR TO ENTRY 



E1CTS- 



DEVELOP START MEMORY LEVEL 
0-(M) 



MEMCI+ 
CLMTR- 



T2 



STROBE 



[EA] - (M) 



MMnnF- 



T3 



Ts ~(X) 
<M)-(X) 



T4 



L(AND DURING SC = 0) 
S 
R 



CLXTR- 
EMXTS+ 



ENABLE MEMORY WRITE 

(SC)+I -(SC) 
0~(Y) 



(RRCXX-) 

INCSC+ 

CLYTR- 



SC^ 





L 
R 

L,S 
S 


t 


MEMCI + 

CLMTR-, CLDTR- 
EXSTL+, ESDTS+ 
ESMTS+ 


* 


Tl 


DEVELO D START MEMORY LEVEL 

- (M), l's - (D) 

(X) -ADDER ->(D) 

ADDER -(M) 
















R,S 


' 


' 


CLXTR-, EMXTS+ 






T2 


1 -s - (X), (M) - (X) 


SC = 














R,S 


' 


' 


CLXTR-, EMXTS+ 




T3 


l's -<X),(M)-(X) 














R 
S 
L 


1 


< 


CLYTR- 
EPYTS+ 
FCYEF+ 




T/t 


- (Y) 

(P)~(Y) 

SET F-CYCLE ENTRY F-F 


















< 




■♦ 





NEXT INSTRUCTION 
FETCH CYCLE 



LDX 

3 CYCLES 
OP CODE 15 
(IW) 2 = 1 



Instruction: Load Index Register (LDX) 

OP Code: 15 Type: MR, 3 cycles 

Description: (EA)-*X Note: Bit 2 of IW must be set 
X-+<0) 






5 6 7 8 9 10 11 12 13 14 15 IS 
Execution Time (/is): 4.8 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


ACYEF+ 


113— C5 


F 


TL4 


L 


0"L4FF+HEOiNS-HFOICY+) 
t{M01FF-)@119-A5] 


119-L5 


119-H3 


Set A-cycie at next TL1 


EICTS- 


125-K9 


F 


TL4 


A 


(FCYLF+J (TL4FF+) (OPG3C+) * 


125-A7 


121-A8 . 


Jam shift counter to 
ONEs 


CLMTR- 


128-P9 


A 


TL1 


R 


{MCRST+HHOLDM-MTL1FF+} 


128-P9 


101-1 16-L9 


Reset M register 


MMnnF- 


142 








(SWnn±)(STRB-) 


80.04 


101-1 16-H8 


Memory data set into 
M register 


CLXTR- 


128-M8 


A 


TL1 


R 


(ACYLF+)(TL3FF+){LSXOP+) 


128-F8 


101-1 16-N8 


Clear X register to 
ONEs 


EMXTS+ 


128-P7 


A 


TL3 


S 


(ACYLF+) (TL3F F+) { LSXOP+) 


128-F8 


101-1 16-N9 


Enable M register into 
X register 


INCSC- 


126-M5 


A 


TL4 


L 


{ACYLF+HTL4FF+} 


126-L6 


126-N5 


ResetWRINH+FF 


INCSC+ 


126-P5 


A 


TL4 


L 


(INCSC-) 


126-N5 


121-A4 


Enable step shift counter 
from all ONEs to 
ZEROs 


MEMCI+ 


126-K12 


A 


TL4 


L 


(MEMCI-) 


126-G12 


150-C1 


Enable set RCYF1+ 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMC1+)(MBSYX-) 


15G-A2 


150-D2 


Start memory cycle 


RRCXX- 


126-M8 


A 




L 


{ACYEF+){OPGWR+)(WRINH-) 


126-J8 


150-D6 


Block STRB1+ to enable 
memory write cycle 


CLYTR- 


129-P3 


A 


TL4 


R 


(ACYNX-){TL4FF+)*** 


129-H3 


101-1 16-N 12 


Reset Y register (ad- 
dress location ZERO 
in memory) 


EXSTL+ 


128-P5 


A 


TL1 


L 


{ACYEF+)(TLATE-)(LSXOP+) 


128-J5 


101-116-A5 


Enable X register to 
adder 


CLMTR- 


128-P9 


A 


TL1 


R 


(MCRST+)(HOLDM-)(TL1FF+) 


128-P9 


101-1 16-L9 


Reset M register 


CLDTR- 


125-K5 


A 


TL1 


R 


{ACYEF+){TL1 FF+){JST0P-) 
(IRSOP-)dMAOP-) 


125-B4 


101-116-F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


A 


TL1 


S 


(ACYEF+){TL1 FF+MJSTOP-) 
(IRSOP-)(IMAOP-) 


125-B4 


1 01-11 6-F5- 
F9 


Enable adder sum to 
D register 


ESMTS+ 


128-G11 


A 


TL1 


S 


(RRCXX-)(MASTO-)(OPGSM+) 
(TL1FF+)(MCSET+) 


128-D11 


101-116-J9 


Enable adder RnnPA+ 
output into M register 


CLXTR- 


128-M8 


A 


TL3 


R 


(ACYLF+) (TL3F F+) ( LSXOP+) 


128-F8 


101-116-N8 


Clear X register to 
ONEs 


EMXTS+ 


128-P7 


A 


TL3 


S 


{ ACYLF+) (TL3F F+) { LSXOP+) 


128-F8 


101-1 16-N9 


Enable M register into 
X register 


CLYTR- 


129-P3 


A 


TL4 


R 


(TL4FF+)(ACYNX-)*** 


129-N3 


101-116-N12 


Reset Y register 


FCYEF+ 


119-G10 


A 


TL4 


L 


(Set: (TL4FF+){EOINS+) 


119-D10 


119-K10 


Enable set FCYLF+ at 
nextTL1FF+ 


EPYTS+ 


129-P4 


A 


TL4 


S 


(PISEX-){EOINS+)(TL4FF+) 
(OPGJS-) 


129-D4 


101-1 16-L10 


Enable P register into 
Y register 


MEMCI+ 


126-K12 


A 


TL1 


L 


(TL1FF+) (SPMOD-) (IGACY+) 


126-G12 


150-A2 


Enable memory cycle 


COXXX+ 


150-D2 


F 


TL1 


L 


JMEMCI+) (MBSYX-) 


150-A2 


150-D2 


Start memory cycle 


*(OPG3C+) @ 120-P4 = (DPOLX-), 


etc. 










(DPOLX-) = (LSXOP+HM02FF+) @ 124-N12 








**See WRINH Set and reset timing 












***(ACY 


NX-) = ({ACYLF+){LSXOP-)(CASOP-)(SCZRO-)) - @ 129-F1 






■ 



2-14 



ENTER A-CYCLE ROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE 



F-CYCLE T4 THROUGH 
A-CYCLE T3 




ENABLE MEMORY WRITE CYCLE 


RRCXX- 














i' 




Tl 


L 
R 
L 
S 


DEVELOP START MEMORY LEVEL 
0~(M) 
(A) - ADDER 
ADDER -(M) 


MEMCI+ 
CLMTR- 

EASTL+ 
ESMTSf 



Instruction: Store A (STA) 

OP Code: 04 Type: MR, 2 cycles 

Description: {A} -> {EAJ 






2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time ifis): 3.2 



Signal 



T2 



T3 



T4 



0-(Y) 

(P) ~(Y) 

SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



STA 

2 CYCLES 

OP CODE 04 



ACYEF+ 

DDPVV_ 

Sill KffJ\. /\ 

CLMTR- 
EASTL+ 

ESMTS+ 



CLYTR- 
EPYTS+ 

FCYEF+ 

MEMCI+ 
COXXX+ 



Origin Cyc Tim 



119-G5 



lie mo 

128-P9 
127-P1 



129-P3 
129-P4 

119-G10 

126-K12 
150-02 



A 

F 



TL4 

S !_** U IS U 

TL3 
TL1 
TL1 



TL2 
TL3 
TL4 
TL4 

TL4 

TL1 
TL1 



Clk 



Signal Component 



(TL4FF+){EOINS-)(FOICY+) 
[(M01FF-)@119-A5] 



(MCRST+J{HOLDM-)(TL1FF+) 
(ACYEF+)(TLATE-)(CASOP-) 

(LSXOP-)OOGRP-) 
{ R R CXX- ) iMASTO- ) (OPGSM+) 

(TL1FF+}{MCSET+) 



(TL4FF+)(ACYNX-)* 
(PISEX-MEOINS+)(TL4FF+) 

(OPGJS-) 
(Set: (TL4FF+HEOINS+)) 

(TL1FF+) (SPMOD-) (IGACY-) 
(MEMCI+HMBSYX-) 



'(ACYNX-) = {(ACYLF+HLSXOP-HCASOP-HSCZRO-)) -@ 129-E1 



Origin 



119-C5 



128-N9 
127-K1 

128-C11 



129-L1 
129-D4 

119-C10 

126-G12 
150-A2 



Destination 



119-J5 



101-1 16-L9 
101-116-A4 

101-1 16-G9 



101-1 16-N12 
101-1 16-L10 

119-J10 

150-A2 
150-D2 



Operation 



Set A-cycle at next TL1 

DUal/ CTDD *~ ~-~Ul- 

memory write cycle 
Reset M register 
Enable A register to 

adder 
Enable adder RnnPA+ 

output into M register 



Reset Y register 
Enable P register into 

Y register 
Enable set FCYLF+ at 

nextTL1FF+ 
Enable memory cycle 
Start memory cycle 



2-15 



ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 
OR LAST INDIRECT ADDRESS CYCLE 



F-CYCLE T4 THROUGH 
A-CYCLE T3 



T2 



ENABLE MEMORY WRITE CYCLE 



DEVELOP START MEMORY LEVEL 
-(M) 
(X) -ADDER 
ADDER -(M) 



£ 



ENTER FETCH CYCLE FOR NEXT 
INSTRUCTION WORD ACCESS 



(RRCXX-) 



MEMCI+ 
CLMTR- 
EXSTL+ 
ESMTS+ 















R 
S 


T 




T3 


I's -oo 

(M) - (X) 


CLXTR- 
EMXTS+ 












R 
S 
L 


" 




T4 


0~<Y) 
(P) -(Y) 
ENABLE SET F-CYaE 


CLYTR- 
EPYTS+ 
FCYEF+ 




" 





STX 
2 CYCLES 
OP CODE 15 
(IW) 2 = 



Instruction: Store Index Register (STX) 

OP Code: 15 Type: MR, 2 cycles 

Description: (X) -»• (EA) Note: Bit 2 of IW must 

be reset 






5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time {fis): 3,2 



Signal 



ACYEF+ 

RRCXX- 

EXSTL+ 

CLMTR- 
ESMTS+ 

CLXTR- 

EMXTS+ 

CLYTR- 
FCYEF+ 

EPYTS+ 

MEMCI+ 
COXXX+ 



Origin 



119-G5 

126-M8 

128-P5 

128-P9 
128-G11 

128-M8 

128-P7 

129-P3 
119-G10 

129-P4 

126-K12 
150-D2 



Cyc 



Tim 



TL4 

TL4 
TL3 
TL1 

TL1 
TL1 

TL3 

TL3 

TL4 
TL4 

TL4 

TL1 
TL1 



Clk 



L- 

L 
L 

R 
S 



Signal Component 



(TL4FF+HEOiNS-)iFOiCY+) 

[(M01FF-)@119-A5j 
{ACYEF+HOPGWR+HWRINH-) 

{ AC YE F+) (TLATE- }( LSXOP+) 

(MCRST+){HOLDM-)(TL1FF+) 
{ R RCXX- ) (MASTO- HOPGSM+) 

(TL1FF+)(MCSET+) 
(ACYLF+)(TL3FF+)(LSXOP+) 

(ACYLF+)(TL3FF+){LSXOP+) 

(TL4FF+}{ACYNX-)* 
(Set: (TL4FF+MEOINS+)) 

(PISEX-)(EOlNS+)(TL4FF+) 

(OPGJS-) 
(TL1FF+) (SPMOD-) (IGACY+) 
(MEMCI+){MBSYX-) 



'(ACYNX-) = ((ACYLF+MLSXOP-HCASOP-HSCZRCH) -@ 129-E1 



Origin 



119-C5 

126-J8 

128-J5 

121-N9 
128-C11 

128-F8 

128-F8 

129-H3 
119-C10 

129-D4 

126-G12 
150-A2 



Destination 



119-J5 

150-D6 

101-1 16-A5 

101-1 16-L9 
101-116-J9 

101-1 16-N8 

101-116-N9 

101-116-N12 
119-J10 

101-1 16-L10 

150-A2 
150-D2 



Operation 



Set A-cycie at next i L1 

Block STRB- to enable 

memory write cycle 
Enable X register to 

adder 

Reset M register 
Enable adder RnnPA+ 

output into M register 
Clear X register to 

ONEs 
Enable M register into 

X register 
Reset Y register 
Enable set FCYLF+ 

at next TL1 FF+ 
Enable P register into 

Y register 

Enable memory cycle 
Start memory cycle 



2-16 



Tl 



T2 



T2 
& 
T3 

(TLATE) 



T3 



T4 



ENTER A-CYCLE FROM INSTRUCTION WORD 
FETCH OR LAST INDIRECT ADDRESS CYCLE 



ACYEF+ 



DEVELOP START MEMORY LEVEL 
-0 - (M) 



STROBE 



MEMCH- 
CLMTR- 



[EA] -(M) 



MMnnF- 



(A) -ADDER 
(M)-^ -ADDER 

^'8-16 ~ ADDER 
FORCE CARRY TO ADDER 



EASTL+ 
ENSHL+ 
ENSLL+ 
EIK17- 



l's~ (D) 
ADDER - (D) 



CLDTR- 
ESDTS+ 



~ (A) 



<p). 



2=16. 



- (A)o. 



c 



2=1A. 



CLATR- 
EDAHS+ 
EDALS+ 



OVERFLOW? 



> 



NO 



* CLEAR C-BIT 



YES 



SET C-BIT 



- (Y) 
(P) ~ (Y) 
SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



SUB 

2 CYCLES 

OP CODE 07 



Instruction: Subtract (SUB) 

OP Code: 07 Type: MR, 2 cycles 

Description: (A) - (EA) -»• (A) 

OVF -* <Cj 



f t m%&m$amma saaaaaaaaa 



5 6 7 8 9 10 
Execution Time (jus): 3.: 



11 12 13 14 15 16 



Signal 



CLMTR- 
MMnnF- 

EASTL+ 

ENSHL+ 
ENSLL+ 
EIK17- 

CLDTR- 

ESDTS+ 

CLATR- 
EDAHS+ 

EDALS+ 

CB1TF+ 

CB1TF- 

CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 



Origin 



128-P9 
142 

127-P1 

127-P8 
127-P7 
127-P5 

125-K5 

125-M4 

122-K8 
122-P1 

122-P3 

124-P2 

124-P1 

129-P3 

129-P4 

126-K12 

150-D2 



Cyc 



Tim 



TL1 

TLATE 

TLATE 
TLATE 
TLATE 

TL3 

TL3 

TL4 
TL4 

TL4 

TL4 

TL4 

TL4 

TL4 

TL1 

TL1 



Clk 



Signal Component 



(MCRST+) (HOLDM-) (TL1 FF+) 
(SWnn+HSTRB-) 

[{SUBOP-)]-(ACYLF+) 
(TLATE+) 
(ACYLF+HOPGNS+HIRSOP-) 
(ACYLF+) (OPGNS+) (I RSOP-) 
(EIK17+) 

(ANAOP-){TL3FF+)(MCRST+) 

(TL3FF+)(IOGRP-)(MCSET+) 

(ACYLF+)(OPGAA+)(TL4FF+) 
(ACYLF+) (OPGAA+) (TL4FF+) 

(ACYLF+) (OPGAA+) (TL4FF+) 

(SUBOP+)(TL4FF+)(D00 = D01) 

(MCSET+j 
(SUBOP+){DIVOP-)(TL4FF+) 

(MCRST+) 
(SCZR0+){TL4FF+)(MCRST+) 

(PISEX-HEOINS+HOPGJS-) 

(TL1 FF+){SPMOD-)(IGACY+) 

(MEMCI+){MBSYX-) 



Origin 



128-P9 
80.04 

127-A1/ 
C1 

127-C12 
127-C12 
127-L6 

125-B7 

125-B5 

122-C2 
122-C2 

122-C2 

124-A4 

124-A1 

129-H3/ 
N3 
129-D4 

126-G12 
K12 
150-A2 



Destination 



101-1 16-L9 
101-1 16-H8 

101-116-A4 

101-107-A10 
108-1 16-A10 
116-F7-F9 

117-A1 
101— 116— F11 

101-1 16-F5- 

F9 
101-1 16-L6 
101-108-J7 

109-1 16-J7 

124-P2 

124-P1 

101-1 16-N12 

101-116-L10 

150-A2 

150-D2 



Operation 



Clear M register 
Memory data set into 

M register 
Enable A register to 

adder 

Enable M-{1-7) to adder 
Enable M-{8-16) to adder 
Force carry to adder 

Clear D register to 

ONEs 
Enable adder sum to 

D register 
Clear A register 
Enable D register to 

A(1-8) 
Enable D register to 

A(9-16) 
SetCBITF 

Reset CB1TF 

Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 



2-17 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



FCYEF+ 



T1 



i 



DEVELOP START MEMORY LEVEL 

~{M), l*s - (D) 

(P)+ 1 -.ADDER, - (F) 

ADDER -(D) 



MEMCH- 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 



T2 



STROBE 
R 
S 



|ea] _(M) 

0-(P) 
(D) ~(P) 



T2 
& 
T3 

(TLATE) 



yes/" 



MMrmF- 

CLPTR- 

EDPTS- 



CB1T=1? 



) 



NO 



(A) + 1 - ADDER 



EASTL+, E1K17- 
(SEE NOTE) 



(A) - ADDER 



T3 



l's-(D) 
ADDER -(D) 



CLDTR- 
ESDTS+ 



R 


-. (A) 


CLATR- 


S 


< D >,-8 - < A >l-8 


EDAHS+ 


S 


(D) 9 _ ]6 - (A) 9 _ 16 


EDALS+ 



YES 



T4 



C 



OVERFLOW 
(D00/D01) 



O 



NO 



SETCB1TF 



MCSET+ 
(SEE NOTE) 



RESET CB1TF 



- CO 

(P) - CO 

SET F-CYCLE EMTIO F-F 



NOTE: MISSING SIGNALS CAN BE 
FOUND IN ACA ANALYSIS 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



EASTL+ (SEE NOTE) 



MCRST+ 
(SEE NOTE) 



ACA 

1 CYCLE 

OP CODE 141216 



Instruction: Add C to A (ACA) 

OP Code: 141216 Type: G, 1 cycle 

Description: (A) + {C)-»(A) 
OVF -> (C) 



1 


1 1 














1 





1 











1 


1 


1 












5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (/us): 1.6 



Signal 



EPSLL+ 

E1K17- 

CLMTR- 

CLDTR- 

CLFTL- 



ESDTS+ 
CLPTR- 
EIK17- 
MMnnF- 

EDPTS+ 

EASTL+ 

EMSHL+ 
ENSHL+ 
EMSLL+ 
ENSLL+ 
CLDTR- 

ESDTS+ 

CLATR- 
EDAHS+ 

EDALS+ 

CB1TF- 

CB1TF+ 

CLYTR- 
EPYTS+ 
MEMCI+ 
COXXX+ 



Origin 



128-K4 

127-P5 
128-P9 
125-K5 

125-K8 



125-M4 
129-M10 
127-P5 
142 

129-P9 

127-P1 

127-P9 

127-P8 

127-P11 

127-P7 

125-K5 

125-M4 

122-K8 
122-L1 

122-P3 

124-P1 

124-P2 

129-P3 
129-P4 
126-K12 
150-D2 



Cyc 



Tim 



TLATE 



TLATE 

TL1 

TL1 

TL1 

TL1 
TL2 
TLATE 

TL2 

TLATE 

TLATE 
TLATE 
TLATE 
TLATE 
TL3 

TL3 

TL4 
TL4 

TL4 

TL4 

TL4 

TL4 
TL4 
TL1 
TL1 



Clk 



S 
R 

L 

S 

L 

L 
L 
L 
L 
R 

S 

R 
S 

S 

R 

S 

R 
S 

L 
L 



Signal Component 



(FCYEF+HTLATE-) 

(TLATE-) 

{MCRST+)(HOLDM-HTL1FF+) 

(1CYEF-HACYEF-KTL1FF+) 

(1CYEF-HACYEF-HTL1 FF+) 



(1CYEF-MACYEF-MTL1 FF+) 

(FCYEF+HTL2FF+HSCZR0+) 

(MEMAC-HMCRST+) 
(CB1TF+)(GENOP+)(M01FF+) 

(M15FF+) 
(SWnntHSTRB-) 

(FCYEF+HTL2FF+) (SCZR0+) 

(MEMAC-)(MCSET+) 
(GENOP+HTLATE+HM02FF+) 

(GENOP+)(TLATE+)(M02FF+) 
(GENOP+)(TLATE+)(M02FF+) 
(G ENOP+) (TLATE+) (M02FF+) 
(GENOP+) (TLATE+) (M02FF+) 
(TL3FF+}(ACYLF-)(MCRST+) 

(TL3FF+)(IOGRP-)(MCSET+) 

(M15FF+)(GENOA+)(TL4FF+) 
(M15FF+HGENOA+MTL4FF+) 

(M15FF+)(GENOA+){TL4FF+) 

(TL4FF+)(DIVOP-)(GENOA+) 
(M09FF+)(M11 FF-)(MCRST+) 

(D00^D01)(TL4FF+) 
(GENOA+MM09FF+MM11 FF-) 
(MCSET+) 

(SCZR0+)(TL4FF+)(MCRST+) 

(PISEX-)(EOINS+)(TL4FF+) 

(OPGJS-)(MCSET+) 
(TL1FF+HSPMOD-) (IGACY+) 

{MEMCI+)(MBSYX-) 



Origin 



128-G3 

127-K6 
128-P9 
125-A6 

125-A6 



125-A6 

129-E7 

127-C11/ 

F5 
80.04 

129-C7 

127-K12 

127-K12 
127-K12 
127-K12 
127-K12 
125-B6 

125-B5 

122-A2 
122-A2 

122-A2 

124-A1/ 

A2 
124-A1/ 

A2 

129-E1/ 
H3 
129-D4 

126-F12/ 
J12 
150-A2 



Destination 



Operation 



101-1 16-A3 

116-F7/F9 
101-116-L9 
101— 116— F11 

120-A1 
121-A5 
125-D8 
101-1 16-F9 

101-116-L12 

1 16-F7/F9 
117-A1 
101-1 16-H8 

101—116^111 

101-1 16-A4 

101-107-A9 
101-107-A10 
108-1 16-A9 
108-1 16-A10 
101— 116— F11 

101-1 16-F5- 
F9 

101-116-L6 
101-108-J7 

109-1 16-J7 

124-L1 

124-L2 

101-1 16-N12 
101-1 16-L10 
150-A2 
150-D2 



Enable P register to 

adder 

Force carry to adder 
Clear M register 
Clear D register to 

ONEs 
Clear F register 
Clear shift counter 
Clear AZZZZ FF 
Enable adder sum to 

D register 
Clear P register 

Force carry to adder 

Memory data set into 

M register 
Enable adder sum to 

D register 
Enable A register to 

adder 

Enable M(1-7) to adder 
Enable M-(1-7) to adder 
Enable M(8-16) to adder 
Enable M-(8-16) to adder 
Clear D register to 

ONEs 
Enable adder sum to 

D register 
Clear A register 
Enable D register to 

A(1-8) 
Enable D register to 

A(9-16) 
Clear CB1TF at TL4 

with reset clock 
Set CB1TF when 

D00#D01 

Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 



2-18 







ENTER ROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 




















v 








71 


L 
R 
L 
S 


DEVELOP START MEMORY LEVEL 
0-(M), l's-(D) 

(P)+l -ADDER, 0- (F) 

ADDER -(D) 


MEMCI+ 
CLMTR-, CLDTR- 

EPSLL+, EIK17-, CLFTL- 

ESDTS+ 










" 








T2 


STROBE 
R 
S 


Cea] -(M) 

0~(P) 

(D) -(P) 


MMnnF- 

CLPTR- 

EDPTS- 


















T2 




' 


' 




EASTL+, EIK17- 
{SEE NOTE) 




& 
T3 


L 


[A) + 1 - ADDER 






(TIATE+) 
















< 


' ' 


f . 






T3 


R 
S 


l's-(D) 
ADDER -(D) 


CLDTR- 
ESDTS+ 




















' 


' 








R 
S 
S 


- (A) 

( D >l-8 - < A >l-8 
P) 9 _ 16 - (A) 9 _ 16 


CLATR- 
EDAHS+ 
EDALS+ 




T4 




1 


r 







YES 



< 



OVERFLOW? 
(DOO^DOl) 



> 



NO 



SETCB1TF 



MCSET+ R 

(SEE NOTE) 



RESET CB1TF 



MCRST+ 
(SEE NOTE) 



-(Y) 

(P) ~<Y) 

SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS- 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



AOA 

I CYCLE 

OP CODE 141206 



NOTE: MISSING SIGNALS CAN BE 
FOUND IN AOA ANALYSIS 



Instruction: Add ONE to A (AOA) 

OP Code: 141206 Type: G, 1 cycle 



1 


i n 












I 1 





1 














1 


1 






11 12 13 14 15 16 



Description: 


(A) + 1 -»- 
OVF^- 


(A) 

id 








Execution Time (/is): 1 


6 


Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


EPSLL+ 


128-K4 


F 




L 


(FCYEF+) (TLATE-) 


128-G3 


101-116-A9 


Enable P register to 


TLATE 


EIK17- 


127-P5 


F 




L 


(TLATE-) 


127-K6 


116-F7/F9 


adder 
Force carry to adder 


TLATE 
















117-A1 




CLMTR- 


128-P9 


F 


TL1 


R 


(MCRST+HHOLDM-HTL1 FF+) 


128-P9 


101-116-L9 


Clear M register 


CLDTR- 


125-K5 


F 


TL1 


R 


{ICYEF-HACYEF-HTL1FF+} 


125-A6 


101-116— F11 


Clear D register to 
ONEs 


CLFTL- 


1 2d — K.8 


F 


TL1 


L 


(ICYEF-HACYEF-HTL1FF+) 


125-A6 


120-A1 
121-A5 
125-D8 


Clear F register 
Clear shift counter 
Clear AZZZZFF 


ESDTS+ 


125-M4 


F 


TL1 


S 


(ICYEF-HACYEF-HTL1FF+) 


125-A6 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


MMnnF- 


142 








(SWnniHSTRB-) 


80.04 


101-1 16-H8 


Memory data set into 
M register 


CLPTR- 


129-M10 


F 


TL2 


R 


(FCYEF+)(TL2FF+)(SCZR0+) 
(MEMAC-HMCRST+) 


129-E7 


101-116-L12 


Clear P register 


EDFTS+ 


129-P9 


F 


TL2 


S 


(FCYEF+MTL2FF+HSCZR0+) 
(MEMAC-HMCSET+) 


129-E7 


101— 116— J11 


Enable D register to 
P register 


EASTL+ 


127-P1 


F 


TLATE 


L 


(GENOP+)(TLATE+)(M02FF+) 


127-K12 


101-1 16-A4 


Enable A register to 
adder 


EMSHL+ 


127-P9 


F 


TLATE 


L 


(GENOP+) (TLATE+KMQ2FF+) 


127-K12 


101-107-A9 


Enable M(1-7) to adder 


ENSHL+ 


127-P8 


F 


TLATE 


L 


(G ENOP+) (TLATE+) (M02F F+) 


127-K12 


101-107-A10 


Enable M- ( 1 -7) to adder 


EMSLL+ 


127-P11 


F 


TLATE 


L 


(GENOP+)(TLATE+)(M02FF+) 


127-K12 


108-1 16-A9 


Enable M(8-16) to adder 


ENSLL+ 


127-P7 


F 


TLATE 


L 


(GENOP+)(TLATE+)(M02FF+) 


127-K12 


108-1 16-A10 


Enable M- (8-1 6) to adder 


EIK17- 


127-P5 


F 


TLATE 


L 


(M13FF-)(GENOP+)(M01 FF+) 
(M15FF+) 


127-C11 

F5 '■■■' 


116-F7/F9 
117-A1 


Force carry to adder 


CLDTR- 


125-K5 


F 


TL3 


R 


(TL3FF+HACYLF- ) (MCRST+) 


125-B6 


101-116— F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL3 


S 


(TL3FF+HIOGRP-HMCSET+) 


125-B5 


101-116-F5- 
F9 


Enable adder sum to 
D register 


CLATR- 


122-K8 


E 


TL4 


R 


(M15FF+)(GENOA+)(TL4FF+) 


122-A2 


101-1 16-L6 


Clear A register 


EDAHS+ 


122-P1 


F 


TL4 


S 


(M15FF+}(GENOA+)(TL4FF+) 


122-A2 


101-108-J7 


Enable D register to 
A(1-8) 


EDALS+ 


122-P3 


F 


TL4 


S 


(M15FF+)(GENOA+)(TL4FF+) 


122-A2 


109-1 16^J7 


Enable D register to 
A(9-16) 


CB1TF- 


124-P1 


F 


TL4 


R 


(TL4FF+){DIVOP-)(GENOA+h 
(M09FF+HM11FF-) 
(MCRST+) 


124-A2 


124-L1 


Clear C-bit with reset 
clock 


CB1TF+ 


124-P2 


F 


TL4 


S 


(D0O^D01)(GENOA+) 
(M09FF+)(M11FF-)(TL4FF+) 
(MCSET+) 


124-A1 
A2 


124-L2 


Set C-bit when D00# 
D01 


CLYTR- 


129-P3 


F 


TL4 


R 


(SCZR0+) (TL4F F+) (MCRST+) 


129-E1/ 
H3 
129-D4 


101-1 16-N12 


Clear Y register 


EPYTS+ 


129-P4 


F 


TL4 


S 


(PISEX-)(EOINS+)(TL4FF+) 


101-116-L10 


Enable P register to 












(OPGJS-)(MCSET+) 






Y register 


MEMCI+ 


126-K12 


F 


TL1 


L 


(TL1FF+HSPMOD-) (IGACY+) 


126-F2/ 
J12 
150-A2 


150-A2 


Enable memory cycle 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCI+)(MBSYX-) 


150-D2 


Start memory cycle 



2-19 





ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 
















' 






Tl 


L 
R 

L 
S 


DEVELOP START MEMORY LEVEL MEMCI+ 

-(M), l's - (D) CLMTR-, CLDTR- 
(P) + 1 - ADDER, , (F) EPSLL+, EIK17-, CLFTL- 
ADDER -(D) ESDTS+ 
















' 




STROBE 

T2 R 

S 


Tea] ~(m) 

0-<P) 
(D) ~(P) 


MMnnF- 

CLPTR- 

EDPTS- 












T2 


u 




& 
T3 


L 


(A) -ADDER 


EASTL+ 


(TLATE+) 




" 


(SEE NOTE) 


T3 


R 
S 


l's-(D) 
ADDER -(D) 


CLDTR- 
ESDTS+ 
















< 


t 




T4 


R 
S 
S 
L 


- (A), - (Y) 

(D) 9 . 16 - (A) 9 _ ]6 

(P) ~(Y) 

SET F-CYaE ENTRY FF 


CLATR-, CLYTR- 
EDALS+ 
EPYTS+ 
FCYEF+ 
















' 









NEXT INSTRUCTION 
FETCH CYCLE 



NOTE: 



MISSING SIGNALS CAN BE 
FOUND IN CAL ANALYSIS 



CAL 

1 CYCLE 

OP CODE 141050 



Instruction: Clear Left Half (CAL) 

OP Code: 141050 Type: G, 1 cycle 

Description: 0-* (A)^_g 



1 1 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (/is): 1.6 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


EPSLL+ 


128-K4 


F 




L 


(FCYEF+HTLATE-j 


128-G3 


101-1 16-A9 


Enable P register to 


TLATE 


E1K17- 


127-^P5 


F 




L 


(TLATE-) 


127-K6 


1.16-F7-F9 


adder 
Force carry to adder 


TLATE 


CLMTR- 


12S-P9 


F 


TL1 


R 


(MCRST+HHOLDM-HTL1FF+) 


128-P9 


101-1 16-L9 


Clear M register 


CLDTR- 


125-K5 


F 


TL1 


R 


(ICYEF-)(ACYEF-)(TL1FF+) 


125-A6 


101-116-F11 


Clear D register to 
ONEs 


CLFTL- 


125-K8 


F 


TL1 


L 


(ICYEF-)(ACYEF-)(TL1 FF+) 


125-A6 


120-A1 
121-A5 
125-D8 


Clear F register 
Clear Shift Counter 
Clear AZZZZFF 


ESDTS+ 


125-M4 


F 


TL1 


S 


(ICYEF-MACYEF-MTL1FF+) , 


125-A6 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


MjyfrtriF— 


142 








(SWnn±H$TRB-) 


80,04 


101— 116— H8 


Memory data set into 
M register 


CLPTR- 


129-M10 


F 


TL2 


R 


(EDPTR+MMCRST+) 


129-L9 


101— 116— L12 


Clear P register 


EDPTS- 


129-P9 


F 


TL2 


S 


(EDPTR+)(MCSET+) 


129-L9 


101-1 16-J11 


Enable D register into 
P register 


EASTL+ 


127-P1 


F 


TLATE 


L 


(GENOP+HTLATE+HM02FF+) 


127-K12 


101-116-A4 


Enable A register to 
adder 


EMSHL+ 


127-P9 


F 


TLATE 


L 


(G ENOP+) (TLATE+) (M02F F+) 


127-K12 


101-107-A9 


EnableJW(1-7) to adder 


ENSHL+ 


127-P8 


F 


TLATE 


L 


(GENOP+) (TLATE+) (M02F F+) 


127-K12 


101-107-A10 


Enable M-(1-7) to adder 


EMSLL+ 


127-P11 


F 


TLATE 


L 


(GENOP+)(TLATE+)(M02FF+) 


127-K12 


108-1 16-A9 


Enable M(8-16) to adder 


ENSLL+ 


127-P7 


F 


TLATE 


L 


(GENOP+MTLATE+HM02FF+) 


127-K12 


108-1 16-A10 


Enable M-{8-16) to adder 


JAMKN- 


127-L5 


F 


TLATE 


L 


(GENOP+MM01 FF+)(M02FF+) 


127-L3 


101-1 16-C9 


Force carry network to 
ZERO 


CLDTR- 


127-K5 


F 


TL3 


R 


(TL3FF+)(ACYLF-) 


125-B6 


101-1 16-F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL3 


S 


(TL3FF+)(IOGRP-) 


125-B5 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


CLATR- 


122-K8 


F 


TL4 


R 


(GENOA+MM1 1 FF+)(TL4FF+) 


122-C4 


101-1 16-L6 


Clear A register 


CLYTR- 


129-P3 


F 


TL4 


R 


(ACYNX-) (TL4FF+) (MCRST+) 


129-H3 


101-1 16-N12 


Clear Y register 


EDALS+ 


122-P3 


F 


TL4 


S 


(GENOA+)(M11FF+}(M13FF+) 


129-D5/ 
H2 


109-1 16-J7 


Enable D register to 
A(9-16J 


EPYTS+ 


129-P4 


F 


TL4 


S 


(PISEX-)(EOINS+)(OPGJS-) 


129-D4 


101-1 16-L10 


Enable P register to 
Y register 


MEMCI+ 


126-K12 


F 


TL1 


L 


(TL1 FF+)(SPMOD-)( IGACY+) 


126-F2/ 
J12 


150-A2 


Enable memory cycle 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCI+HMBSYX-) 


150-A2 


150-D2 


Start memory cycle 



2-20 







ENTER ROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 
















v 




Tl 


L 
R 

S 


DEVELOP START MEMORY LEVEL 

0-(M), l' S -(D) 

(P)+ I -ADDER, 0- (F) 

ADDER -(D) 


MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 
















< 






T2 


STROBE 
R 
S 


[EA| -(M) 
0-(P) 
(D) -(P) 


MMnnF- 

CLPTR- 

EDPTS- 



T2 


L 

R 
S 








& 
T3 


(A) -ADDER 


EASTL+ 


(TLATE+) 


■ 


' 


(SEE NOTE) 


T3 


l's-(D) 
ADDER -(D) 


CLDTR- 
ESDTS+ 












R 
S 
S 
L 


' 


t 




T4 


- (A), - (Y) 

< D >l-8 -^1-8 
(P)-(Y) 

SET F-CYCLE ENTRY FF 


CLATR-, CLYTR- 
EDAHS+ 
EPYTS+ 
FCYEF+ 














< 







NEXT INSTRUCTION 
FETCH CYCLE 



NOTE: 



MISSING SIGNALS CAN BE 
FOUND IN CAR ANALYSIS 



CAR 

1 CYCLE 

OP CODE 141044 



Instruction: Clear Right Half (CAR) 
OP Code: 141044 Type: G, 1 cycTe 
Description: -> (A)g_ 16 



1 


1 










1 











1 








1 









Signal 



EPSLL+ 

EIK17- 

GLMTR- 

CLDTR- 

CLFTL- 



ESDTS+ 

MMnnF- 

CLPTR- 
EDPTS- 

EASTL+ 
EMSHL+ 
ENSHL+ 
EMSLL+ 
ENSLL+ 
JAMKN- 

CLDTR- 

ESDTS+ 

CLATR- 
CLYTR- 
EDAHS+ 

EPYTS+ 

MEMCI+ 

COXXX+ 



Origin 



128-K4 

127-P5 
128-P9 
125-K5 

125-K8 



125-M4 

142 

129-M10 
129-P9 

127-P1 

127-P9 

127-P8 

127-P11 

127-P7 

T27-L5 

127-K5 

125-M4 

122-K8 
129-P3 
122-PT 

129-P4 

126-K12 

150-D2 



Cyc Tim 



TLATE 

TLATE 

TL1 

TL1 



TL1 



TL1 



TL2 
TL2 

TLATE 
TLATE 
TLATE 
TLATE 
TLATE 
TLATE 

TL3 

TL3 

TL4 
TL4 
TL4 

TL4 

TL1 

TL1 



Clk 



Signal Component 



(FCYEF+HTLATE-) 

(TLATE-) 

{MCRST+KHOLDM-MTL1 FF+) 
(ICYEF-HACYEF-HTL1FF+) 

(ICYEF-MACYEF-}(TL1 FF+) 



(ICYEF-)(ACYEF-)(TL1FF+) 

(SWnn±)(STRB-) 

{EDPTR+HMCRST+} 
(EDPTR+)(MCSET+) 

(GENOP+)(TLATE+)(M02FF+) 
(GENOP+)(TLATE+)(M02FF+) 
(GENOP+)(TLATE+)(M02FF+) 
(GENOP+}(TLATE+)(M02FF+) 
(GENOP+) (TLATE+) (M02FF+) 
(GENOP+)(M01 FF+)(M02FF+) 

aL3FF+)(ACYLF-) 

(TL3FF+)(IOGRP-) 

(GENOA+)(M11FF+)(TL4FF+) 
(ACYNX-)(TL4FF+)(MCRST+) 
(GENOA+HM11FF+HM14FF+) 

(PISEX-)(EOINS+)(OPGJS-) 

(TL1FF+)(SPMOD-) (IGACY+) 

(MEMCI+)(MBSYX-) 



5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jus): 1.6 



Origin 



128-G3 

127-K6 
128-P9 
125-A6 

125-A6 



125-A6 

80.04 

129-L10 
129-L9 

129-K12 
127-K12 
127-K12 
127-K12 
127-K12 
127-L3 

125-B6 

125-B5 

122-C4 
129-H3 
122-C4/ 
J2 
129-D4 

126-F2/ 
J12 
150-A2 



Destination 



101-1 16-A9 

lift— F7-F9 
101-116-L9 
101— 116— F11 

120-B1 
12'' *c 

125-D8 
101-116-F5- 

F9 
101-116-H8 

101-116-L12 
101-1 16-J11 

101-1 16-A4 
101-107-A9 
101-107-A10 
108-1 16-A9 
108-1 16-A10 
101-116-C9 
117-C1-C4-K5 
101-116-F11 

101-1 16-F5- 

F9 
101-1 16-L6 
101-1 16-N12 
101-108-J7 

101-1 16-L10 

150-A2 

150-D2 



Operation 



Enable P register to 
adder 



Clear M register 
Clear D register to 

ONEs 
Clear F register 
Clear shift counter 
Clear AZZZZ FF 
Enable adder sum to 

D register 
Memory data set into 

M register 
Clear P register 
Enable D register into 

P register 
Enable A register to adder 
Enable M(1-7) to adder 
Enable M-{1-7) to adder 
Enable M(8-16) to adder 
Enable M-(8-16) to adder 
Force carry network to 

ZERO 
Clear D register to 

ONEs 
Enable adder sum to 

D register 
Clear A register 
Clear Y register 
Enable D register to 

A register 1-8 
Enable P register to 

Y register 
Enable memory cycle 

Start memory cycle 



2-21 



ENTER ROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



Tl 



FCYEF+ 



DEVELOP START MEMORY LEVEL 

0-(M), l's-(D) 

(P)+l - ADDER, - (F) 

ADDER -(D) 



T2 



T2 

& 

T3 

(TLATE+) 



T3 



T4 



STROBE 
R 
S 



MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, E1K17-, CLFTL- 
ESDTS+ 



LEAJ ~(M) 

o~(P) 

(D) -(P) 



MMnnF- 

CLPTR- 

EDPTS- 



(A) -ADDER 



l's-(D) 
ADDER -(D) 



EASTL+, JAMKN- 



CLDTR- 
ESDTS+ 



- (A) ] 

(D), - (A), 

0-{Y) 

(P) -<Y) 
SET F-CYCLE ENTRY F-F 



CLAIL+ 
EDA1L+ 
CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



CHS 

1 CYCLE 

OP CODE 140024 



Instruction: Complement A Sign (CHS) 
Op Code: 140024 Type: G, 1 cycle 
Description: ONE's complement of (A^ ) -*■ (A.. ) 



1 1 mmwmmmmii 0000010100 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time: (/is): 1.6 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


EPSLL+ 


128-K4 


F 




L 


(FCYEF+MTLATE-) 


128-G3 


101-1 16-A9 


Enable P register to 


TLATE 


EIK17- 


127-P5 


F 




- L 


(TLATE-) 


127-K6 


116-F7/F9 


adder 
Force carry to adder 


TLATE 


CLMTR- 


128-P9 


F 


TL1 


R 


(MCRST+)(HOLDM-)(TL1FF+) 


128-P9 


101-1 16-L9 


Clear M register 


CLDTR- 


125-K5 


F 


TL1 


R 


(ICYEF-MACYEF-MTL1FF+) 


125-A6 


101-116— F11 


Clear D register to 
ONEs 


CLFTL- 






"Tl -1 


1 


lirVCLHAOVCLl/TI -ICC_l_V 


IOC AC 


ion ai 




l£.U SNO 






L_ 


\l\t l «-! |\"^ ! >-l /!!l-l' ■ '/ 






















121-A5 


Clear shift counter 
















125-D8 


Clear AZZZZFF 


ESDTS+ 


125-M4 


F 


TL1 


s 


(ICYEF-HACYEF-KTL1 FF+) 


125-A6 


101-116-F5- 
F9 


Enable adder sum to 
D register 


MMnnF- 


142 








(SWnnx) (STR B-) 


80.04 


101—1 18-H8 


merncPy kjBXb set sntc 
M register 


CLPTR- 


129-M10 


F 


TL2 


R 


(FCYEF+)(TL2FF+)(SCZR0+) 
(MEMAC-)(MCRST+) 


129-E7/ 
L10 


101-116-L12 


Clear P register 


EDPTS+ 


129-P9 


F 


TL2 


S 


(FCYEF+HTL2FF+HSCZR0+) 
(MEMAC-)(MCSET+) 


129-E7/ 
L9 


101-116-J11 


Enable D register to 
P register 


EASTL+ 


127-P1 


F 


TLATE 


L 


(EASAL-) 


127-D3 


101-1 16-A4 


Enable A register to 
adder 


JAMKN- 


127-L5 


F 


TLATE 


L 


(EASAL-) 


127-D3 


101-1 16-C9 
117-C1-C4-K5 


Jam carry network 


CLDTR- 


125-K5 


F 


TL3 


R 


(TL3FF+) (ACYLF- ) (MCRST+) 


125-B6 


101— 116— F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL3 


S 


(TL3FF+HIOGRP-HMCSET+) 


125-B5 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


CLAIL+ 


130-K11 


F 


TL4 


L 


(GENOA+)(TL4FF+)(M14FF+) 


130-F9 


101 -L4 


Clear A register bit 1 


EDA1L+ 


130-K10 


F 


TL4 


L 


(GENOA+)(TL4FF+)(M14FF+) 


130-F9 


101-L7 


Enable D register bit 1 
into A register bit 1 


CLYTR- 


129-P3 


F 


TL4 


R 


(SCZR0+)(TL4FF+)(MCRST+) 


129-E1- 
H3-N5 


101-1 16-N12 


Clear Y register 


EPYTS+ 


129-P4 


F 


TL4 


S 


(PISEX-)(EOINS+)(TL4FF+) 
(OPGJS-HMCSET+) 


1 29-04/ 
L4 


101-1 16-L10 


Enable P register to 
Y register 


MEMCI+ 


126-K12 


F 


TL1 


L 


(TL1FF+) (SPMOD-) (IGACY+) 


126-F2/ 
J12 


150-A2 


Enable memory cycle 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCI+)(MBSYX-) 


150-A2 


150-D2 


Start memory cycle 



2-22 







ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 
















lr 




T1 


L 

R 
L 
S 


DEVELOP START MEMORY LEVEL 

0-(M), l's-(D) 

(P)+l -ADDER, 0- (F) 

ADDER -(D) 


MEMCH- 

CLMTR-, CLDTR- 
EPSLL+, EiKI7-, CLFTL- 
ESDTS+ 
















i' 




T2 


STROBE 
R 
S 


[ea] -(M) 

0-(P) 

(D) -(P) 


MMnnF- 

CLPTR- 

EDPTS- 












T2 




< 


' 




& 
T3 


L 


(A) -ADDER 


EASTL+, JAMKN- 



(TLATE+) 



T3 


R 
S 


l's - 
ADDER 


•(D) 
•(D) 




CLDTR- 
ESDTS+ 






' 


' 




T4 


R 
S 
R 
S 


-(A) 

^1-8 ~ < A >l-8, G%16, < A) 8-16 
-(Y) 

(P) -(Y) 


CLATR- 

EDAHS+, EDALS+ 
CLYTR- 
EPYTS+ 




S 


SET F-O 


rCLE ENTRY F-F 


FCYEF+ 






' 


l 







NEXT INSTRUCTION 
FETCH CYCLE 



CMA 

1 CYaE 

OP CODE 140401 



Instruction: Complement A (CMA) 
OP Code: 140401 Type: G, 1 cyde 
Description: ONE's complement of (A) -> (A) 



1 


1 













1 























1 



5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jtts): 1.6 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


EPSLL+ 


128-K4 


F 




L 


{FCYEF+MTLATE-} 


128-G3 


101-1 16-A9 


Enable P register to 


TLATE 


EIK17- 


197-PR 


F 




, 


(Tl ATF- 1 


1 97—k'fi 


t1fi_P7.PQ 


adder 

Pnr^o mrr\t +n arlHor 


Tl ATF 


CLMTR- 


128-P9 


F 


TL1 


R 


(MCRST+)(HOLDM-)(TL1FF+) 


128-P9 


101-1 16-L9 


Clear M register 


CLDTR- 


125-K5 


F 


TL1 


R 


{ICYEF-HACYEF-KTL1FF+) 


125-A6 


101— 116— F11 


Clear D register to 
ONEs 


CLFTL- 


125-K8 


F 


TL1 


L 


(ICYEF-HACYEF-HTL1FF+) 


125-A6 


120-A1 
! 21 — A5 
125-D8 


Clear^ F register 

V^ICCU 5lllll«AAJllLa 

Clear AZZZZFF 


ESDTS+ 


125-M4 


F 


TL1 


S 


(ICYEF-HACYEF-HTL1 FF+) 


125-A6 


1 01-11 6-F5- 
F9 


Enable adder sum to 
D register 


MMnn F- 


142 








(SWnn±)(STRB-) 


80.04 


101-116-H8 


Memory data set into 
M register 


CLPTR- 


129-M10 


F 


TL2 


R 


(FCYEF+)(TL2FF+)(SCZR0+) 
(MEMAC-HMCRST+) 


128-E7/ 
L10 


101-1 16-L12 


Clear P register 


EDPTS+ 


129-P9 


F 


TL2 


S 


(FCYEF+)(TL2FFt)(SCZR0+) 
(MEMAC-HMCSET+) 


129-E7/ 
L10 


101-1 16-J11 


Enable D register to 
P register 


EASTL+ 


127-P1 


F 


TLATE 


L 


(EASAL-) 


127-D3 


101-116-A4 


Enable A register to 
adder 


JAMKN- 


127-L5 


F 


TLATE 


L 


(EASAL-) 


127-D3 


101-116-C9 
117-C1-C4-K5 


Jam carry network 


CLDTR- 


125-K5 


F 


TL3 


R 


(TL3FF+MACYLF-HMCRST+) 


125-B6 


101-116— F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL3 


S 


(TL3FF+){I0GRP-)(MCSET+) 


125-B5 


1 01-11 6-F5- 
F9 


Enable adder sum to 
D register 


CLATR- 


122-K8 


F 


TL4 


R 


(M16FF+)(GENOA+)(TL4FF+) 
(MCRST+) 


122-A1/ 
J8 


101-1 16-L6 


Clear A register 


EDAHS+ 


122-P1 


F 


TL4 


S 


(M16FF+)(GENOA+)(TL4FF+) 
(MCSET+) 


122-A1/ 
J1 


101-108-J7 


Enable D register to 
A{1-8) 


EDALS+ 


122-P3 


F 


TL4 


S 


(M16FF+)(GENOA+)(TL4FF+) 
(MCSET+) 


122-A2 


108-1 16-J7 


Enable D register to 
A(9-16) 


CLYTR- 


129-P3 


F 


TL4 


R 


(SCZR0+)(TL4FF+)(MCRST+) 


129-E1- 
H3-N3 


101-116-N12 


Clear Y register 


EPYTS+ 


129-P4 


F 


TL4 


S 


(PISEX-)(E0INS+)(TL4FF+) 
(OPGJS-HMCSET+) 


129-D4/ 
L4 


101-116-L10 


Enable P register to 
Y register 


MEMCI+ 


126-K12 


F 


TL1 


L 


(TL1FF+) (SPMOD-) (IGACY+) 


126-F2 
J12 


150-A2 


Enable memory cycle 


COXXX+ 


150-D2 


F 


TL1 


F 


(MEMCI+)(MBSYX+) 


150-A2 


150-D2 


Start memory cycle 

i 



2-23 









ENTER ROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 


















Tl 




1 


r 








L 
R 
L 

C 


DEVELOP START MEMORY LEVEL 

0-(M), l's-(D) 

(P)+l -ADDER, 0- (F) 

A IMVCO /T\\ 


MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 


















T2 




1> 








STROBE 
R 
S 


[ea] *(M) 

0-(P) 

(D) ~(P) 


MMnnF- 

CLPTR- 

EDPTS- 


• 
















T3 




" 








R 


Vs -(D) 


CLDTR- 


















T4 




1 


' 








R 
S 
L 


- (A), - (Y) 

(P)-(Y) 

SET F-CYCLE ENTRY FF 


CLATR-, CLYTR- 

EPYTS+ 

FCYEF+ 
























1 


r 









NEXT INSTRUCTION 
FETCH CYCLE 



NOTE: 



MISSING SIGNALS CAN BE 
FOUND IN CRA ANALYSIS. 



CRA 

1 CYCLE 

OP CODE 140040 



Instruction: Clear A-register (CRA) 

OP Code: 140040 Type: Generic, 1 cycle 

Description: 0s-^-(A)^_^g 



1 


1 I 


















1 


















5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time: (jus): 1.6 



Signal 



EPSLL+ 

EIK17+ 

CLMTR- 

CLDTR- 

n pti - 



ESDTS+ 

MMnnF- 

CLPTR- 
EDPTS+ 

CLDTR- 

CLATR- 
CLYTR- 

EPYTS+ 

MEMCI+ 
COXXX+ 
FCYEF+ 



Origin 



128-K4 

127-P5 
128-P9 
125-K5 



125-M4 



129-M10 
129-P9 

125-K5 

122-K8 
129-P3 

129-P4 

126-K12 

150-D2 

119-F10 



Cyc 



Tim 



TLATE 

TLATE 

TL1 

TL1 

Tl 1 



TL1 



TL2 
TL2 

TL3 

TL4 
TL4 

TL4 

TL1 
TL1 
TL4 



Clk 



Signal Component 



(FCYEF+HTLATE-) 

(TLATE-) 

(MCRST+)(HOLDM-)(TL1FF+) 

(ICYEF-HACYEF-HTL1FF+) 

nrYFF-WAPYFF-UTI 1FF+V 



(ICYEF-)(ACYEF-)(TL1 FF+) 

(SWnn±){STRB-) 

(EDPTR+)* 
(EDPTR+)* 

(TL3FF+)(ACYLF-) 

(CLATL+)(MCRST+)** 
(ACYNX-)(TL4FF+)(MCRST+) 

(PISEX-)(EOINS+)(TL4FF+) 

(OPGJS-) 
(MEMCI-)*** 
(MEMCI+)(MBSYX-) 
(Set: (TL4FF+)(EOINS+)) 



Origin 



128-G3 

127-K6 
128-P9 
125-A6 

19R— Afi 



125-A5 
80.04 

129-J9 
129-J9 

125-C6, 

122-J8 
129-H3/ 

N3 
129-D4/ 

L4 
126-G11 
150-A2 
119-D10 



*<EDPTL+) @ 129-J9 = (FCYEF+)(TL2FF+)(SCZRO+)(MEMAC-) @ 129-E7 
**(CLATL+) @ 122-G6= (GENOA+)(M11FF+)(TL4FF+) @ 122-C4 
'"(MEMCI-) @ 126-G2 = (TL1FF+)(SPMOD-)((IOGRP+)(FCYLF+)-) @ 126-F12/C12 



Destination 



101-1 16-A9 

116-F7/F9 
101-116-L9 
101-1 16-F11 

120-A1 
121-A5 
125-D8 
1 01-11 6-F5- 

F9 
101— 116— H8 

101-1 16-L12 
101-1 16-J11 

101— 116-F11 

101-116-L6 
101-116-N12 

101-116-L10 

150-A2 
150-D2 
119-H9 



Operation 



Enable P register to 

adder 

Force carry-in to bit 1 6 
Reset M register 
Clear D register to 

ONEs 

Reset F register 
Reset shift counter 
Reset AZZZZ+ 
Enable adder sum to 

D register 

M register 
Reset P register 
Enable D register into 

P register 
Clear D register to 

ONEs 

Reset A register 
Reset Y register 

Enable P register into 

Y register 

Enable memory cycle 
Start memory cycle > 
Enable set FCYLF+ at 

nextTL1FF+ 



2-24 



ENTER FROM PREVIOUS OPERATION 
( FETCH CYCLE ENTRY ENABLED ) 



NEXT INSTRUCTION 
FETCH CYCLE 



FCYEF+ OF NEXT 
INSTRUCTION SETS 
INTERRUPT FLIP-FLOP 



FCYEF+ 





Tl 




* 






R 
L 
S 


- (M), l's - (D) 
(P) + 1 - ADDER, -> (F) 
ADDER - (D) 


MEMCI+ 
CLMTR-, CLDTR- 

EPSLL+, E1K17-, CLFTL- 

ESDTS+ 














T2 




< 


l 






STROBE 
R 
S 


[EA] - (M) 

■ - (P) 

• (D) - (P) 


MMnnF- 

CLPTR- 

EDPTS+ 














T3 




< 


r 








1 

1 
















T4 




'i 






L 
R 
S 
L 
S 


SET INTERRUPT 

-(Y) 

(P) -00 

DEVELOP START MEMORY LEVEL 

SET F-CYCLE ENTRY F-F 


SET PERMA+ 

CLYTR- 

EPYTS+ 

MEMCI+ 
FCYEF+ 

























PERMI+ 



ENB 

1 CYCLE 

OP CODE 000401 



Instruction: Enable Program Interrupt (ENB) 
OP Code: 000401 Type: G, 1 cycle 
Description: Set machine status to permit interrupt 
















1 























1 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (fis): 1.6 



Signal 



EPSLL+ 

EIK17- 

CLMTR- 

CLDTR- 



ESDTS+ 

CLPTR- 

EDPTS+ 

PEMIL- 
CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 



Origin 



128-K4 

127-P5 
128-P9 
125-K5 



125-M4 

129-M10 

129-P9 

134-A4 
129-P3 

129-P4 

126-K12 

150-D2 



Cyc 



Tim 



TLATE 



TLATE 

TL1 

TL1 

Tl 1 



TL1 

TL2 

TL2 

TL4 
TL4 

TL4 

TL1 

TL1 



Clk 



Signal Component 



{FCYEF+HTLATE-) 

(TLATE-) 

(MCRST+MHOLDM-HTL1 FF+J 
(ICYEF-HACYEF-MTL1FF+) 

/IfVYFF-UAr.YFF-HTI 1FF+S 



(ICYEF-)(ACYEF-){TL1 FF+) 
(SWnn±}(STRB-) 

{FCYEF+)(TL2FF+)(SCZRO+) 

(MEMAC-HMCRST+) 
(FCYEF+)(TL2FF+)(SCZRO+) 

(MEMAC-)(MCSET+) 
(GENOB+)(TL4FF+)(M08FF+) 
(SCZRO+)(TL4FF+)(MCRST+) 

(PISEX-HEOINS+HTL4FF+) 

(OPGJS-)(MCSET+) 
(TL1FF+MSPMOD-) (IGACY+) 

(MCSET+HMEMCI+HMBSYX-) 



Origin 



128-G3 

127-K6 
128-P9 
125-A6 

19R— Afi 



125-A6 
80.04 

129-E7/ 

L10 
129-E7/ 

L10 
134-A4 
129-E1/ 

H3 
129-D4 

126-F12/ 
J12 
150-A2 



Destination 



101-1 16-A9 

116-F7-F9 
101-1 16-L9 
101— 116— F11 

120-A1 
121-A5 
125-D8 
1 01-11 6-F5- 
F9 

ini_11R_UQ 

101-116-L12 

101-116-J11 

134-C4 
101-116-N12 

101-116-L10 

150-A2 

150-D2 



Operation 



Enable P register to 

adder 

Force carry to adder 
Clear M register 
Clear D register to 

ONEs 
Clear F register 
Clear shift counter 
Clear AZZZZFF 
Enable adder sum to 

D register 
Memory data set into 

M register 
Clear P register 

Enable D register to 
P register 
Permit interrupt 
Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 



2^2C tt»SS/^ 



2-26 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



FCYEF+ 



± 



DEVELOP START MEMORY LEVEL 
0_(M), l's-p) 
(P) + 1 - ADDER, - (F) 
ADDER - (D) 



i 



STROBE 


[EA]-(M) 


R 


o -0>) 


S 


(D) - (P) 



MEMCI+ 
CLMTR-, CLDTR- 

EPSLL+, EIK17-, CLFTL- 

ESDTS+ 



MMnnF- 

CLPTR- 

EDPTS+ 



T2 



T2&T3 
(TLATE) 



CLEAR RUNFF 
(SC) + 1 ~(SC) 



SCZRO- 
INCSC+ 



HALT 



SET RUNFF 



PRESS 
START 



(A) - ADDER 



EASTL+ 
(SEE NOTE) 



Vs- <P) 
ADDER - (D) 



C 



CLDTR- 
ESDTS+ 



REPEAT T2 RPTT2- 



AZZZZ = 



T3 



> 



YES 



NO 



l's- SC 
SET AZZZZ 



EICTS- 
SETAZ+ 



ENTER T4 



RPTT2- 



-CV) 
(P) - (Y) 
SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



HLT 

OP CODE 000 000 



NOTE: 



MISSING SIGNALS CAN BE 
FOUND IN HLT ANALYSIS 



Instruction: Halt (HLT) 

OP Code: 000000 Type: G, 1.5 cycles 

Description: Set machine to halt mode 



o mmmmm o 



5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time ins): 2.4 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


EPSLL+ 


128-K4 


F 




L 


(FCYEF+HTLATE-) 


128-G3 


101-116-A9 


Enable P register to 


TLATE 


PIK"I7- 


107 DK 


c 






IT! ATC-I 






adder 


XI ATC 
















I !5J 1 1.1 fO 


rut<Aboiiy t(j oHJUC! 


CLMTR- 


128-P9 


F 


TL1 


R 


(MCRST+HHOLDM-HTL1 FF+) 


128-P9 


101-1 16-L9 


Clear M register 


CLDTR- 


125-K5 


F 


TL1 


R 


(ICYEF-HACYEF-HTL1 FF+) 


125-A6 


101— 116— F11 


Clear D register to 
ONEs 


CLFTL- 


125-K8 


F 


TL1 


L 


(ICYEF-)(ACYEF-){TL1FF+) 


125-A6 


121-A5 
120— A1 
125-D8 


Clear shift counter 
Clear F register 
Clear AZZZZ FF 


ESDTS+ 


125-M4 


F 


TL1 


S 


{ICYEF-HACYEF-HTL1FF+) 


125-A6 


101—1 16-F5- 
F9 


Enable adder sum to 
D register 


MMnn F- 


142 








(SWnn±)(STRB-) 


80.04 


101-116-H8 


Memory data set into 
M register 


CLPTR- 


129-M10 


r- 


TL2 


R 


(EDPTR+KMCRST+) 


129-J9 


101-116-L12 


Clear P register 


EDPTS+ 


129-P9 


F 


TL2 


S 


(EDPTR+)(MCSET+) 


129-J9 


101— 116-J11 


Enable D register to 
P register 


EASTL+ 


127-P1 


F 


TLATE 


L 


(GENOP+)(TLATE+){M01 FF-) 


127-C3 


101-116-A4 


Enable A register to 
adder 


EMSHL+ 


127-P9 


F 


TLATE 


L 


(GENOP+)(TLATE+)(M01 FF-) 


127-K10 


101-107-A9 


Enable M(1-7) to adder 


ENSHL+ 


127-P8 


F 


TLATE 


L 


(GENOP+)(TLATE+)(M01 FF-) 


127-K10 


101-107-A10 


Enable M-{1-7) to adder 


EMSLL+ 


127-P11 


F 


TLATE 


L 


(GENOP+}{TLATE+)(M01 FF-) 


127-K10 


108-1 16-A9 


Enable M(8-16) to adder 


ENSLL+ 


127-P7 


F 


TLATE 


L 


(GENOP+)(TLATE+)(M01 FF-) 


127-K10 


108-1 16-A10 


Enable M-(8-16) to adder 


CLDTR- 


125-K5 


F 


TL3 


R 


(TL3FF+)(ACYLF-){MCRST+) 


125-B6/ 
J5 


101-1 16-F 11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL3 


S 


(TL3FF+)(IOGRP-)<MCSET+) 


125-B5/ 
J4 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


E1CTS- 


125-K9 


F 


TL3 


S 


(GENOB+)(TL3FF+)(M16FF-) 
(MCSET+MAZZZZ-) 


125-B9/ 
J9 


121-A8 
126-F10 


Set shift counter to alt 
ONEs 
Repeat TL2 {RPTT2+) 


SETAZ+ 


125-M7 


F 


TL3 


L 


(GENOB+){TL3FF+}(M16FF-) 


125-B9 


125-L8 


Set AZZZZ FF 


RUNFF- 


126-M2 


F 


TL2 


R 


(MCRST+)(TL2FF+)(GENOB+) 
(M16FF-)(SCZRO-)(RESTR-) 


126^13 


126-N2 


Reset RUNFF 


INCSC+ 


126-P5 


F 


TL2 


L 


(FCYEF+}{TL2FF+) 
Depress and release START button 


126-L5 


121-A4 


Enable increment shift 
counter 


RUNFF+ 


126-M3 








(RDYFF-) (START-) 


126-D3 


126-L3 


Set RUNFF 








Repeat TLATE and TL3 with entry to TL4 (SCZRO+HRPTT2-) 






CLYTR- 


129-P3 


F 


TL4 


R 


(ACYNX-MTL4FF+HMCRST+) 


129-H3/N3 


101-116-N12 


Clear Y register 


EPYTS+ 


129-P4 


F 


TL4 


S 


{PISEX-HEOINS+HOPGJS-} 


129-D4 


101-116-L10 


Enable P register to 
Y register 


MEMCI+ 


126-K12 


F 


TL1 


L 


(TL1 FF+)(SPMOD-)(IGACY+) 


126-F2/ 
J12 
150-A2 


150-A2 


Enable -memory cycle 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCI+HMBSYX-) 


150-D2 


Start memory cycle 



2-27 





ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 


















'f 








Tl 


L 

R 
L 
S 


DEVELOP START MEMORY LEVEL 

0-(M), l's~(D) 

(P) + l -ADDER, 0- (F) 

ADDER -.(D) 


MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, E1K17-, CLFTL- 
ESDTS+ 




















" 






STROBE 

T2 R 

S 


[ea| -(M) 

0-(P) 
(D) -(P) 


MMnnF- 
CLPTR- 
EDPTS- 
















T2 




1' 






& 
T3 


L 


(A) -ADDER 


EASTL+ 
(SEE NOTE) 




(TLATE+) 




" 





T3 


R 
S 


l"s ^ (D), Ts -(E) 
ADDER - (D), (B) - (Ej, 


CLDTR-, CLETR- 
ESDTS+, EBETS+ 




















1 


' 






T4 


R 
S 
L 


- (Y), -(A), - (B) 
(E) ~ (A), (D) - (B), (P) - (Y) 
SET F-CYCLE ENTRY FF 


CLYTR-, CLATR-, CLBTR- 

EEATS+, EEALS+, EDBTS+, EPYTS+ 
FCYEF+ 


















» 






r 







NEXT INSTRUCTION 
FETCH CYCLE 



NOTE: MISSING SIGNALS CAN BE 
FOUND IN IAB ANALYSIS 



IAB 

1 CYCLE 

OP CODE 000201 



Instruction: Interchange A and B (IAB) 

OP Code: 000201 Type: Generic, 1 cycle 

Description: (A) ^ (B) 



1 







5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time {/is): 1.6 



Signal 



Origin 



EPSLL+ 

EIK17- 

CLMTR- 

CLDTR- 

CLFTL- 



ESDTS+ 

MMnnF- 

CLPTR- 
EDPTS+ 

EASTL+ 

EMSLL+ 
EMSHL+ 
ENSLL+ 
ENSHL+ 
CLDTR- 

CLETR- 

ESDTS+ 

EBETS+ 

CLYTR- 

CLATR- 
CLBTR- 
EEATS+ 

EEALS+ 

EDBTS+ 

FCYEF+ 

EPYTS+ 

MEMCI+ 
COXXX+ 



128-K4 

127-P5 
128-P9 
125-K5 

125-K8 



125-M4 

142 

129-M10 
129-P9 

127-P1 

127-P11 

127-P9 

127-P7 

127-P8 

125-K5 

125-K2 

125-M4 

125-M1 

129-P3 

122-K8 
123-M6 
122-P4 

122-K5 

123-P2 

119-G10 

129-P4 

126-K12 
150-D2 



Cyc 



Tim 



TLATE 

TLATE 

TL1 

TL1 

TL1 



TLATE 



TL2 
TL2 

TLATE' 

TLATE* 

TLATE 

TLATE 

TLATE 

TL3 

TL3 

TL3 

TL3 

TL4 

TL4 
TL4 
TL4 

TL4 

TL4 

TL4 

TL4 

TL1 
TL1 



Clk 



R 

R 

S 

S 

R 

R 
R 
S 

S 

S 

L 

S 

L 
L 



Signal Component 



(FCYEF+) (TLATE-) 

(TLATE-) 

(MCRST+MHOLDM-HTL1 FF+) 
(ICYEF-)(ACYEF-){TL1FF+) 

(ICYEF-)(ACYEF-)(TL1FF+) 



(ICYEF-HACYEF-KTL1FF+) 

(SWnn±)(STRB^) 

(EDPTR+)* 
(EDPTR+)* 

(GENOP+HTLATE+HM01FF-) 

(GENOP+HTLATE+HM01 FF-) 
(GENOP+HTLATE+HM01 FF-) 
(GENOP+)(TLATE+)(M01FF-) 
(GENOP+)(TLATE+)(M01FF-) 
(TL3FF+)(ACYLF-) 

(TL3FF+)(GENOP+)(M01FF-) 

(M09FF+) 
(TL3FF+)(IOGRP-) . 

(TL3FF+HGENOP+KM01 FF-) 

[(M09FF+)@125-A1] 
(ACYNX-)(TL4FF+)(MCRST+) 

(CLATL+)*** 
(M5G4G-)*** 
(M5G4G-)*** 

(M5G4G-)*** 

(M5G4G-)*** 

(Set: (TL4FF+)(EOINS+)) 

(PISEX-)(EOINS+)(TL4FF+) 

(OPGJS-) 
(TL1FF+) (SPMOD-) (IGACY+) 
(MEMCI+HMBSYX-) 



Origin 



128-G3 

127-K6 
128-P9 
125-A6 

125-A6 



125-A6 

80.04 

129-J9 
129-J9 

127-C3 

127-K10 

127-K10 

127-K10 

127-10 

125-B6 

125-B1/ 
A1 
125-B5 

125-B1 

129-H3/ 
N3 

122-G6 
122-G2 
122-G2 

122-G2 

123-G2 

119-C10 

129-D4 

126-G11 
150-A2 



Destination 



*EDPTR+ @ 129-J9 " (FCYEF+)(TL2FF+)(SCZRO+)(MEMAC-) @ 129-E7 
**TLATE+ = ((TL2FF-)V(TL3FF-)) @ 118-B7 
'**CLATL+ @ 122-F7 = (M5G4G-) @ 122-F6 = (GENOB+)(TL4FF+)(M09FF+) @ 123-F2 



101-116-A9 

116-F7/F9 

101-116-L9 

101-116-F11 

120-A1 
121-A5 
125-D8 
101-1 16-F5- 

F9 
101-1 16-H8 

101-116-L12 
101— 116— J11 

101-1 16-A4 

108-1 16-A9 
101-107-A9 
108-1 16-A10 
101-107-A10 
101-1 16-F11 

101-1 16-N2 

101-1 16-F5- 

F9 
101-116-L3 

101-1 16-N12 

101-116-L6 
101-1 16-L2 
101-110-J4 

111— 116-J4 

101-116-J3 

119-J10 

101-1 16-L10 

150-A2 
150-D2 



Operation 



Enable P register to 

adder 

Force carry-in to bit 16 
Reset M register 
Clear D register to 

ONEs 

Reset F register 
Reset shift counter 
Reset AZZZZ+ FF 
Enable adder sum to 

D register 
Memory data set into 

M register 
Reset P register 
Enable D register into 

P register 
Enable A register to 

adder 

Enable M(8-16) to adder 
Enable M(1-7) to adder 
Enable M-(8-16) to adder 
Enable M-(1-7) to adder 
Clear D register to 

ONEs 
Reset E register 

Enable adder sum into 

D register 
Enable B register into 

E register 
Reset Y register 

Reset A register 
Reset B register 
Enable E(1-10) into 

A(1-10) 
Enable E(1 1-1 6) into 

A(11-16) 
Enable D register into 

B register 
Enable set FCYLF+ at 

nextTL1FF+ 
Enable P register into 

Y register 

Enable set RCYF1+ 
Start memory cycle 



2-28 





ENTER FROM PREVIOUS OPERATION 


FCYEF+ 






(FETCH CYCLE ENTRY ENABLED) 












' 








L 


DEVELOP START MEMORY LEVa MEMCH- 




Tl 


R 


0~(M), Ts-(D) 


CLMTR-, CLDTR- 






i_ 


fO\ j. 1 inrao n /c\ 


Cno 1 • rii/ii +** m- 


TL- 




S 


ADDER - 


►(D) 


ESDTS+ 








1 


' 






STROBE 


[ea] ~(M) 


MMnnF- 




T2 


R 


0»(P) 


CLPTR- 






S 


(D) ~(P) 


EDPTS- 
















T2 




" 






& 
T3 


L 


(A) -ADDER 


EASTL+ 




(TLATE+) 








(SEE NOTE) 








1 


' _ 






T3 


R 


Ts-CDf-- 


CLDTR- 




S 


ADDER - 


.(D) 


ESDTS+ 








' 










R 


, (A), -. (Y) 


CLATR-, CLYTR- 






S 


0»l-8 ~< A >9-16 


ETALS+ 




T4 


S 


^9-16 - < A >l-8 


ETAHS+ 






S 


(P)-(Y) 


EPYTS+ 






L 


SET F-CYa 


E ENTRY FF 


FCYEF+ 








' 











NEXT INSTRUCTION 
FETCH CYCLE 



NOTE: MISSING SIGNALS CAN BE 
FOUND IN ICA ANALYSIS 



ICA 

1 CYCLE 

OP CODE 141340 



Instruction: Interchange .Halves (ICA) 
OPCode: 141340 Type: G, 1 cycle 
Description: (A) i_ 8 ^ ( A )<)_i6 



1 


1 1 






1 





1 


1 


1 


















(A) 



9-18 



(A). 



4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (Ms): 1.6 



Signal 



EPSLL+ 

EIK17- 

CLMTR- 

CLDTR- 



Origin 



128-K4 

127-P5 
128-P9 
125-K5 



JAMKN- 127-L5 
CLFTL- 125-K8 



ESDTS+ 

MMnnF- 

CLPTR- 

EDPTS- 

EASTL+ 

CLDTR- 

ESDTS+ 

EMSHL+ 
ENSHL+ 
EMSLL+ 
ENSLL+ 
JAMKN- 

CLATR- 
CLYTR- 
ETALS+ 

ETAHS+ 

EPYTS+ 

MEMCI+ 

COXXX+ 



125-M4 

142 

129-M10 

129-P9 

127-P1 

125-K5 

125-M4 

127-P9 

127-P8 

127-P11 

127-P7 

127-L5 

122-K8 
129-P3 
122-P7 

122-P6 

129-P4 

126-K12 

150-D2 



Cyc 



Tim 



TLATE 

TLATE 

TL1 

TL1 

TL1 
Til 



TL1 

TL2 

TL2 

TLATE 

TL3 

TL3 

TLATE+ 
TLATE+ 
TLATE+ 
TLATE+ 
TLATE+ 

TL4 
TL4 
TL4 

TL4 

TL4 

TL1 

TL1 



Clk 



Signal Component 



(FCYEF+MTLATE-) 

(TLATE- J 

(MCRST+)(HOLDM-)(TL1 FF+) 
(ICYEF-)(ACYEF-)(TL1FF+) 

[(TLATE+)(ACYEF+)]- 

nnYFF-MACYFF-WTI ICC-U 



(ICYEF-)(ACYEF-)(TL1 FF+) 

(SWnn±)(STRB^) 

(EDPTR+)(MCRST+) 

(EDPTR+)(MCSET+) 

(GENOP+)(TLATE+)(M02FF+) 

(TL3FF+)(ACYLF-) 

(TL3FF+HIOGRP-) 

(GENOP+)(TLATE+)(M02FF+) 
(GENOP+)(TLATE+)(M02FF+) 
(GENOP+)(TLATE+)(M02FF+) 
(GENOP+)(TLATE+)(M02FF+) 
(GENOP+HM01 FF+HM02FF+) 

(GENOA+)(M1 1 FF+)(TL4FF+) 
(ACYNX-)(TL4FF+)(MCRST+) 
(GENOA+)(M10FF+)(M11FF+) 

(GENOA+)(M09FF+)(M1 1 FF+) 

(PISEX-)(EOINS+)(OPGJS-) 

(TL4FF+)(SPMOD-) (IGACY+) 

(MEMC1+HMBSYX-) 



Origin 



128-G3 

127-K6 
128-P9 
125-A6 

127-C3 

MC AC 



125-A6 
80.04 

129-J9/ 

M10 
129^19/ 

M9 
129-C3 

125-P6 

125-B5 

127-K10 
127-K10 
127-K10 
127-K10 
127-L3 

122-C4 
129-H3 
122-C4/ 

J7 
122-C4/ 

J6 
129-D4 

126-F2/ 
J12 
150- A2 



Destination 



101-1 16-A9 

116— F7/F9 
101-1 16-L9 
101-1 16-F11 

127-N5 

101 AC 

120-A1 
125-D8 
101-1 16-F5- 

F9 
101-1 16-H8 

101-1 16-L12 

101-1 16-J11 

101-116-A4 

101-1 16-F11 

1 01-11 6-F5- 
F9 

101-108-A9 
101-108-A10 
109-1 16-A9 
109-1 16-A10 
101-1 16-C9 
117-C1-C4-K5 
101-116-L6 
101-116-N12 
109-1 16-J7 

101-108^J7 

101-116-L10 

150- A2 

150-D2 



Operation 



Enable P register to 

adder 

Force carry to ^^c! *" 
Clear M register 
Clear D register to 

ONEs 
Implement EIK17- 

uca snin MJuiiieT 

Clear F register 
Clear AZZZZ FF 
Enable adder sum to 

D register 
Memory data set into 

M register 
Clear P register 

Enable D register into 

P register 
Enable A register to 

adder 
Clear D register to 

ONEs 
Enable adder sum to 

D register 
Enable M(1-7) to adder 
Enable M-(1-7) to adder 
Enable M(8-16) to adder 
Enable M- (8-1 6) to adder 
Force carry network to 

ZERO 
Clear A register 
Clear Y register 
Enable D{1-8) into 

A(9-16) 
Enable D(9-1 6) into 

A(1-8) 
Enable P register to 

Y register 
Enable memory cycle 

Start memory cycle 



2-29 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



FCYEF+ 





Tl 




i 
* 




MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 






L 

R 
L 
S 


DEVELOP START MEMORY LEVEL 

-(M), l's - (D) 

(P) + l -ADDER, 0- (F) 

ADDER -(D) 
















T2 




1 


" 


MMnnF- 

CLPTR- 

EDPTS- 






STROBE 
R 
S 


[ea] -(M) 

0-(P) 
(D) -(P) 
















T2 
& 
T3 
(TLATE+) ■ 

T3 




'' 


EASTL+ 
(SEE NOTE) 

CLDTR- 
ESDTS+ 






L 


(A) -ADDER 




.— — 





' 


' 







R 
S 


l's-(D) 
ADDER -(D) 
















T4 




1 


i 


CLATR-, CLYTR- 
ETALS+ 
EPYTS+ 
FCYEF+ 






R 
S 
S 
L 


- (A), - (Y) 

ff>),_8 -CA) 9 _ 16 

(P) -(Y) 

SET F-CYaE ENTRY FF 






















t 







NEXT INSTRUCTION 
FETCH CYCLE 



NOTE: 



MISSING SIGNALS CAN BE 
FOUND IN ICL ANALYSIS 



1CL 

1 CYCLE 

OPCODE 141140 



Instruction: Interchange and Clear Left Half (ICL) 
OP Code: 141140 Type: G, 1 cycle 
Description: (A)j_g-»- (A)g_ 1 g 
0- (Aj^g 



5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (/is): 1.6 



Signal 



Origin 



EPSLL+ 

EIK17- 
CLMTR- 
CLDTR- 
CLFTL- 



ESOTS+ 

MM.nn F- 

CLPTR- 

EDPTS- 

ESDTS+ 

EMSHL+ 
ENSHL+ 
EMSLL+ 
ENSLL+ 
JAMKN- 

EASTL+ 

CLDTR- 
CLATR- 
CLYTR- 
ETALS+ 

EPYTS+ 

MEMCI+ 

COXXX+ 



128-K4 

127-P5 
128-P9 
125-K5 
125-K8 



125-M4 

142 

129-M10 

129-P9 

125-M4 

127-P9 

127-P8 

127-P11 

127-P7 

127-L5 

127-P1 

127-K5 
122-K8 
129-P3 
122-P7 

129-P4 

126-J11 

150-D2 



Cyc 



Tim 



l LA l E 



TLATE 
TL1 
TL1 
TL1 



TL1 

TL2 

TL2 

TL3 

TLATE 
TLATE 
TLATE 
TLATE 
TLATE 

TLATE 

TL3 
TL4 
TL4 
TL4 

TL4 

TL1 

TL1 



Clk 



Signal Component 



(FCYEF-i-)(TLATE-) 

(TLATE-) 

(MCRST+MHOLDM-MTL1 FF+) 
(ICYEF-MACYEF-HTL1FF+) 
(ICYEF-KACYEF-HTL1 FF+) 



(ICYEF-)(ACYEF-)(TL1FF+) 

(SWnn±)(STRB-) 

(EDPTR+)(MCRST+) 

(EDPTR+){MCSET+) 

(TL3FF+){IOGRP-) 

(GENOP+)(TLATE+)(M02FF+) 
(GENOP+MTLATE+) (M02FF+) 
(GENOP+)(TLATE+)(M02FF+) 
(GENOP+){TLATE+)(M02FF+) 
(GENOP+)(M01FF+)(M02FF+) 

(GENOP+HTLATE+HM02FF+) 

(TL3FF+XACYLF-) 
(GENOA+)(M11FF+){TL4FF+) 
(ACYNX-)(TL4FF+)(MCRST+) 
(GENOA+)(M10FF+)(M11FF+) 

(PISEX-MEOINS+HOPGJS-) 

(TL4FF+XSPMOD-) (IGACY+) 

(MEMCI+)(MBSYX-) 



Origin 



128-G3 

127-K6 
128-P9 
125-A6 
125-A6 



125-A6 
80,04 

129-J9/ 

M10 
129-J9/ 

M9 
125-B5 

127-K10 
127-K10 
127-K10 
127-K10 
127-L3 

129-L3 

125-P6 
122-C4 
129-H3 
122-C4/ 
J7 
129-D4 

126-F2/ 
J12 
150- A2 



Destination 



101-1 16-A9 

116-F7-F9 
101-1 16-L9 
101-1 16-F11 
120-A1 
121-A5 
1 2*5 — SJt5 

101-116-F5- 

F9 
101-116-H8 

101-1 16-L12 

101-1 16-J11 

101-1 16-F5- 

F9 
101-108-A9 
101-108-A10 
109-1 16-A9 
109-1 16-A10 
101-1 16-C9 
117-C1-C4-K5 
101-116-A4 

101-1 16-F11 
101-1 16-L6 
101-1 16-N12 
109-1 16-J7 

101-116-L10 

150-A2 

150-D2 



Operation 



Enable P register to 

adder 

Force carry to adder 

Clear M register 

Clear D register to ONEs 

Clear F register 

Clear shift counter 

Ciear AZZZZ FF 

Enable adder sum to 

D register 
Memory data set into 

M register 
Clear P register 

Enable D register into 

P register 
Enable adder sum to 

D register 
Enable M(1-7) to adder 
Enable M-(1-7) to adder 
Enable M(8-16) to adder 
Enable M-{8-16) to adder 
Force carry network to 

ZERO 
Enable A register to 

adder 

Clear D register to ONEs 
Clear A register 
Clear Y register 
Enable D register (1-8) 

into A register (9-16) 
Enable P register to 

Y register 
Enable memory cycle 

Start memory cycle 



2-30 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



FCYEF+ 



DEVELOP START MEMORY LEVEL 

-(M), l's - (D) 

<P)+1 -ADDERS - (F) 

ADDER -(D) 



MEMCI+ 

CLMTR-., CLDTR- 
EPSLL+, E1K17-, CLFTL- 
ESDTS+ 





STROBE 


i 




MMiwF- 






[eaJ -<m) 




T2 


R 


0-(P) 


CLPTR- 






S 


(D) ~(P) 


EDPTS- 










, 


T2 


L 


' 




EASTL+ 
(SEE NOTE) 




& 
T3 


(A) -ADDER 




(TLATE+) 













R 


1 


r 


CLDTR- 






l's -(D) 




T3 


S 


ADDER - 


-(D) 


ESDTS+ 






R 


< 


' 


CLATR-, CLYTR- 






- (A), - (Y) 




T4 


S 
S 


^9-16 - Wl-8 
(P) -(Y) 


ETAHS+ 
EPYTS+ 






L 


SET F-CYa 


.E ENTRY FF 


FCYEF+ 








i 


1 


ICR 

1 CYCLE 



NEXT INSTRUCTION 
FETCH CYCLE 



OP CODE 141240 



NOTE: MISSING SIGNALS CAN BE 
FOUND IN ICR ANALYSIS 



Instruction: Interchange and Clear Right Half (ICR) 
OP Code: 141240 Type: G, 1 cycle 
Description: {A)g_-jg-MA)j_g 
w '"'9-16 



5 6 7 8 9 10 
Execution Time (jus): 1 



11 12 13 14 15 16 



Signal 



Origin 



EPSLL+ 

cJKs /~ 
CLFTL- 

CLMTR- 
CLD I R- 

ESDTS+ 

MMnnF- 

CLPTR- 

EDPTS- 

EASTL+ 

EMSHL+ 

ENSHL+ 

EMSLL+ 

ENSLL+ 

CLDTR- 

ESDTS+ 

CLATR- 
ETAHS+ 

CLYTR- 
EPYTS+ 

MEMCI+ 
COXXX+ 



128-K4 



<01 DC 

! £. ! — r u 

125-K8 



128-P9 
125— K5 

125-M4 

142 

129-M10 

129-P9 

127-P1 

127-P9 

127-P8 

127-P11 

127-P7 

127-K5 

125-M4 

122-K8 
122-P6 

129-P3 
129-P4 

126-K12 

150-D2 



Cyc 



F 
F 

F 

F 
F 

F 

F 

F 

F 

F 

F 

F 

F 
F 

F 
F 

F 

F 



Tim 



TLATE 

Tl ATC 

TL1 

TL1 
TL1 

TL1 



TL2 

TL2 

TLATE 

TLATE 

TLATE 

TLATE 

TLATE 

TL3 

TL3 

TL4 
TL4 

TL4 
TL4 

TL1 
TL1 



Clk 



R 
S 

L 

L 

L 

L 

L 

R 

S 

R 
S 

R 
S 

L 

L 



Signal Component 



(FCYEF+) (TLATE-) 

{TLATE-} 
(|'CYEF-HACYEF-)(TL1 FF+) 

(MCRST+)(HOLDM-)(TL1FF+) 

(ICYEF-HACYEF-MTL1 FF+) 
(SWnn+HSTRB-) 
(EDPTR+)(MCRST+) 
(EDPTR+)(MCSET+) 

(GENOP+)(TLATE+J(M02FF+) 

(M09FF+) 
(GENOP+HTLATE+HM02FF+) 

(M09FF+) 
(GENOP+)(TLATE+)(M02FF+) 

(M09FF+) 
(GENOP+)(TLATE+)(M02FF+) 

(M09FF+) 
(GENOP+)(TLATE+)(M02FF+) 

(M09FF+) 
(TL3FF+)(ACYLF-) 

(T03FF+) (IOGRP-) 

(GENOA+)(M11FF+)(TL4FF+i 
(GENOA+)(M09FF+)(M1 1 FF+) 

(ACYNX-)(TL4FF+)(MCRST+) 
(PISEX-HEOINS+HOPGJS-) 

(TL1FF+)(SPM0D-)(IGACY+) 
{MEMCI+)(MBSYX-) 



Origin 



128-G3 

127-K6 
125-A6 



128-P9 
125-A6 

125-A6 

80.04 

129-J9/ 

M10 
129-J9/ 

M10 
127-K12 

127-K12 

127-K12 

127-K12 

127-K12 

125-B6 

125-B5 

122-C4 
122-C4/ 
J6 

129-H3 
129-D4 

126-F2/ 
J12 
150-A2 



Destination 



101-116-A9 

116-F7/F9 

120-A1 

121-A5 

125-D8 

101-116-L9 

1Q1— 116— F11 

101-116-F5- 

F9 
101-116-H8 

101-116-L12 

101-1 16-J11 

101-116-A4 

101-108-A9 

101-108-A10 

109-116-A9 

109-1 16-A10 

101-1 16-F11 

101-116-F5- 

F9 
101-1 16-L6 
101-108-J7 

101-116-N12 
101-116-L10 

150-A2 

150-D2 



Operation 



Enable P register to 

adder 

Force carry to adder 
Clear F register 
Clear shift counter 
Clear AZZZZ FF 
Clear M register 
Clear D register to 

ONEs 
Enable adder sum to 

D register 
Memory data set into 

M register 
Clear P register 

Enable D register into 

P register 
Enable A register to 

adder 
Enable MJ1-7) to adder 

Enable M-(1-7) to adder 

Enable M{8-16) to adder 

Enable M-(8-16) to adder 

Clear D register to 

ONEs 
Enable adder sum to 

D register 
Clear A register 
Enable D (9-1 6) into 

A(1-8) 

Clear Y register 
Enable P register to 

Y register 
Enable memory cycle 

Start memory cycle 



2-31 



Instruction: Inhibit Program Interrupt (INH) 
OP Code: 001001 Type: G, 1 cycle 
Description: Set machine status to inhibit interrupt 



o o ^:;|n ■#] 9- 1000000001 



5 6 7 8 9 10 
Execution Time {/lis): 1. 



11 12 13 14 15 16 



Signal 



Origin 



Cyc 



Tim 



Clk 



Signal Component 



Origin 



Destination 



Operation 



EPSLL+ 

EIK17- 

CLMTR- 

CLDTR- 

CLFTL- 



ESDTS+ 
MMnn F- 
CLPTR- 
EDPTS+ 
CLPMI 
CLYTR- 
EPYTS+ 
MEMCI+ 
COXXX+ 



128-K4 

127-P5 
128-P9 
125-K5 

125-K8 



125-M4 

142 

129-M10 

129-P9 

134-A5 

129-P3 

129-P4 

126-K12 

150-D2 



lLAlE 



TLATE 

TL1 

TL1 

TL1 



TL1 

TL2 
TL2 
TL3 
TL4 
TL4 
TL1 
TL1 



(FCYEF+jf iLATE-j 

(TLATE- ) 

{MCRST+MHOLDM-MTL1FF+) 

(ICYEF-){ACYEF-)(TL1FF+) 

(ICYEF-}(ACYEF-)(TL1FF+) 



(ICYEF-){ACYEF-}{TL1FF+) 
(SWnn±)(STRB-) 

(FCYEF+MTL2FF+HSCZRO+} 

(MEMAC-)(MCRST+) 
{FCYEF+){TL2FF+)(SCZRO+) 

(MEMAC-)(MCSET+) 
(GENOB+MM07FF+MTL3FF+) 

(MCSET+) 
(SCZRO-){TL4FF+)(MCRST+) 

(PISEX-)(EOINS+)(TL4FF+) 

(OPGJS-){MCSET+) 
(TL1FF+)(SPMOD-) (IGACY+) 

{MEMCI+)(MBSYX-} 



128-G3 

127-K6 
128-P8 
125-A6 

125-A6 



125-A6 
80.04 

129-E7/ 

L10 
129-E7/ 

L9 
134-A5 

129-E1- 

H3-N3 

129-D4 

126-F2/ 
J12 
150- A2 



101-116-A9 

116-F7/F9 
101-1 16-L9 
101— 116— F11 

120-A1 
121-A5 
125-D8 
101-116-F5- 

F9 
101-1 16-H8 

101-116-L12 

101-116-J11 

134-F5 

101-116-N12 

101-1 16-L10 

150- A2 

150-D2 



Enable P register to 

adder 

Force carry to adder 
Clear M register 
Clear D register to 

ONEs 
Clear F register 
Clear shift counter 
Clear AZZZZ FF 
Enable adder sum to 

D register 
Memory data set into 

M register 
Clear P register 

Enable D register to 
P register 
Inhibit interrupt 

Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 



2-32 



Instruction: Input Keys (INK) 



FCYEF+ 



MEMCI+ 






CLMTR-, 


CLDTR- 




EPSLL+, 


EIK17-, 


CLFTL- 


ESDTS+ 







MMimF- 

CLPTR- 

EDPTS+ 



EASTL+ (SEE NOTE) 



CLDTR- 
ESDTS+ 



INKOP+ 
EEALS+ 

CLATR-, CLYTR- 
EPYTS+ 



INK 

1 CYCLE 

OP CODE 000043 



OP Code: 000043 
Description: (C) -*• A^ 



Type: G, 1 cycle 

(PM1)-»A 3 

0-*{A) 






o ||| 
















c 











1 











1 


1 















{DP Mode) -* A, -. -^ ' ^IL 
* Shift count -» (A)-|2-16 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time {/xs): 1.6 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


EPSLL+ 


128-K4 


F 


TLATE- 


L 


(FCYEF+HTLATE-) 


128-G3 


101-116-A9 


Enable P register to 
adder 


izmrxi- 


1 17—PK 


p 


Tl &TP- 


I 


m ATF-\ 


197-Kfi 


11fi-F7/F9 


Force earn/ to adder 


CLFTL- 


125-K8 


F 


TL1 


L 


<ICYEF-HACYEF-)(TL1 FF+) 


125-A6 


120-AT 
121-A5 
125-D8 


Reset F register 
Reset shift counter 
Reset AZZZZ FF 


CLMTR- 


128-P9 


F 


TL1 


R 


{MCRST+HHOLDM-HTL1 FF+) 


128-P8 


101-1 16-L9 


Reset M register 




125-K5 


p 


Tl 1 


P 


llw<«-r ,xf\\j,C. ,(.._,.. ., 

(MCRST+) 


125-A6 


iQi_iig_F11 


Clear O register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL1 


S 


0CYEF-)(ACYEF-)(TL1FF+) 
(MCSET+) 


125-A6 


101-116-F5- 
F9 


Enable adder sum to 
D register 


MMnnF- 


142 








(SWnn±)(STRB-) 


80.04 


101-116-H8 


Memory data set into 
M register 


CLPTR- 


129-M10 


F 


TL2 


R 


(FCYEF+MTL2FF+HSCZRO+) 
{MEMAC-HMCRST+) 


129-E7/ 
L10 


101-1 16-L12 


Clear P register 


EDPTS+ 


129-P9 


F 


TL2 


S 


(FCYEF+)(TL2FF+)(SCZRO+) 
(MEMAC-)(MCSET+) 


129-E7/ 
L10 


101-116-J11 


Enable D register into 
P register 


EASTL+ 


127-P1 


F 


TLATE 


L 


(GENOP+)(TLATE+){M01 FF-) 


127-K10 


101-116-A4 


Enable A register to 
adder 


EMSHL+ 


127-P9 


F 


TLATE 


L 


(GENOP+)(TLATE+)(M01 FF-) 


127-K10 


101-107-A9 


Enable M{1-7} to adder 


ENSHL+ 


127-P8 


F 


TLATE 


L 


(GENOP+HTLATE+HM01 FF-J 


127-K10 


101-107-A10 


Enable M-{1-7) to adder 


EMSLL+ 


127-P11 


F 


TLATE 


L 


(GENOP+)(TLATE+){M01 FF-) 


127-K10 


107-1 16-A9 


Enable M(8-16) to adder 


ENSLL+ 


127-P7 


F 


TLATE 


L 


(GENOP+){TLATE+){M01 FF-) 


127-K10 


108-1 16-A10 


Enable M-(8-16) to adder 


CLDTR- 


125-K5 


F 


TL3 


R 


(TL3FF+)(ACYLF-HMCRST+) 


125-B6 


101-1 16-F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL3 


S 


(ESDTB-HMCSET+) 


125-C5/ 
J4 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


INKOP+ 


122-P9 


F 


TL4 


L ■ 


(GENOB+MM11FF+HM15FF+) 
(TL4FF+) 


122^J9 


101-103-N6 


CB1TF into A x 
DPMOD into A 2 
PMINDintoA 3 * 


EEALS+* 4 


122-K5 


A 


TL4 


L 


(GENOB+HM1 1 FF+){TL4FF+) 


122-C5 


111— 116— J4 


Enable E(1 1-16} into 
A(11-16) 


CLATR-* 


' 122-K8 


A 


TL4 


R 


(GENOB+)(M1 1 FF+HTL4FF+) 
(MCRST+) 


122-C5/ 
J8 


101-116-L6 
124-N4 


Clear A register 


CLYTR- 


129-P3 


F 


TL4 


R 


{ACYNX-)(TL4FF+)(MCRST+) 


128-H3 


101-1 16-N12 


Clear Y register 


EPYTS+ 


129-P4 


F 


TL4 


S 


(PISEX-)(EOINS+)(OPGJS-) 
(MCSET+) 


129-D4/ 
L4 


101-116-L10 


Enable P register to 
Y register 


MEMCI+ 


126-K12 


F 


TL1 


L 


(TL1 FF+HSPMOD-) (IGACY-) 


126-F2/ 
J12 
150-A2 


150-C1 


Enable set RCYF1+ 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCl+)(MBSYX-) 


150-D2 


Start memory cycle 


* Applicable only when computer is equipped with Memory Expansion Option. 








**Applic 


able only wh 


en corr 


iputer is equipped with high speed Arithmetic Unit Option. 







2-33 



Instruction: No Operation (NOP) 

OP Code: 101000 Type: G, 1 cycle 

Description: No operation 



1 







1 2 3 4 5 6 7 8 9 10 
Execution Time [}ish 1 . 



11 12 13 14 15 16 



Signal 



Origin 



Cyc 



Tim 



Clk 



Signal Component 



Origin 



Destination 



Operation 



EPSLL+ 

EIK17- 

CLMTR- 

CLDTR- 

CLFTL- 



ESDTS+ 

MMnn F- 

CLPTR- 

EDPTS+ 

EPSLL+ 

EIK17- 
CLDTR- 

ESDTS+ 

CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 



128-K4 

127-P5 
128-P9 
125-K5 

125-K8 



125-M4 

142 

129-M10 

129-P9 

128-K4 

127-P5 
125-K5 

125-M4 

129-P3 

129-P4 

126-K12 

150-D2 



TLATE 



TLATE 

TL1 

TL1 

TL1 



TL1 

TL2 
TL2 

TL3 
TL3 
TL4 
TL4 
TL1 
TL1 



(FCYEF+) (TLATE-} 

(TLATE-) 

(MCRST+MHOLDM-MTL1FF+) 

(ICYEF-MACYEF-)(TL1FF+) 

(!CYEF-)(ACYEF-)(TL1FF+) 



(ICYEF-(ACYEF-)(TL1FF+) 
(SWnn±)(STRB-) 

(FCYEF+)(TL2FF+)(SCZR0+) 

(MEMAC-)(MCRST+) 
{FCYEF+)(TL2FF+)(SCZRO+) 

(MEMAC-)(MCSET+) 
(SKGRP+) 

(SKGRP+) 
(TL3FF+)(ACYLF-)(MCRST+) 

(IOGRP-)(TL3FF+)(MCSET+) 

(ACYLF-)(TL4FF+)(MCRST+) 

(PISEX-HEOINS+HTL4FF+) 

(OPGJS-)(MCSET+) 
(TL1 FF+MSPMOD-) (IGACY+) 

(MEMCI+XMBSYX-) 



128-G3 

127-K6 
128-P8 
125-A6 

125-A6 



125-A6 
80.04 

129-E7/ 

L10 
129-E7/ 

L10 
128-J4 

127-K6 
125-B6 

125-B5/ 

J5 
129-E1/ 

N3 
129-D4/ 

L4 
126-F2/ 

J12 
150-A2 



101— 116— A9 

116-F7-F9 
101-116-L9 
101— 116— F11 

120-A1 
121-A5 
125-D8 
101-1 16-F5- 

F9 
101-1 16-H8 

101-116-L12 

101-116-J11 

101-1 16-A9 

116-F7-F9 
101— 116— F11 

101-1 16-F5- 

F9 
101-1 16-N12 

101-116-L10 

150-^A2 

150-D2 



Enable P register to 

adder 

Force carry to adder 
Clear M register 
Clear D register to 

ONEs 
Clear F register 
Clear shift counter 
Clear AZZZZ FF 
Enable adder sum to 

D register 
Memory data set into 

M register 
Clear P register 

Enable D register to 

P register 
Enable P register to 

adder 

Force carry to adder 
Clear D register to 

ONEs 
Enable adder sum to 

D register 
Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 



2-34 



ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 



± 



NEXT INSTRUCTION 
FETCH CYCLE 



ACYEF+ 





L 


INHIBIT - (M) 


HOLDM- 






L 


(M) 7 _ ]6 - ADB^ 


ADB 7-16 






R 


]■« ~{D), l's -(E) 


CLDTR-, CLETR- 




Tl 


L 
L 


ft>\ + l „ ADDER 
- E ll' Wll-16 -(E) n -16 


EPSLL+, EIKI7- 
SMK094-, 






L 


A ] - CB1TF, A 2 -DPMOD / A 3 - EXTMODE 


CMK09- 






S 


ADDER - (D) 


ESDTS+ 








1 -► AZZZZ FF 


SETAZ+ 








i 


' 






T2 












V 






T3 
















R 
S 


<• 


CLYTR- 
EPYTS+ 




T4 


- (Y) 
0») - (Y) 








i 


' 







OTK 

2 CYaES 

OP CODE 171020 



Instruction: Output Keys (OTK) 
OP Code: 171020 Type: I/O, 2 cycles 
Description: A-, -+ (C) A 3^ (Ext mode) 

A 2 -^ (DPMode). °^ E 11 



1 











(Aj-s-iig — Shift count - *' {E)n_°jg 



Signal 



ADB07-16 
OTB01-16 
EPSLL+ 

SMK09+ 



HOLDM- 
CLDTR- 

EIK17- 

CMK09- 

ESDTS+ 

SETAZ+ 

CLYTR- 
EPYTS+ 

MEMCI+ 



Origin 



138-11 

138-B/F 

128-K4 

122-M10 



128-M9 
125-K5 

127-P5 

122-P8 

125-M4 

125-M7 

129-P3 
129-P4 

126-K12 



Cyc 



Tim 



TL1 

TL1 

TL1 

TL1 

TL1 

TL4 
TL4 

TL1 



Cik 



Signal Component 



{DMCCY-HM FF+) 

(A01FF+) through (A16FF+) 
(IOGRP+) 

{SM KXX+) < FCX00+) { ADB07+) 



(IOGRP+MACYEF+) 
(ACYEF+)(TL1FF+)(JSTOP-) 

{IROSP-){IMAOP-)(MCRST+} 
(ACYLF+)(SUBOP-) 

(SMK09+MTL1FF+) 

(ACYEF+) (TL1 FF+) (JSTOP- ) 

{ I RSOP- } { I M AOP- ) (MCSET+) 
(SMKXX-) 

(ACYNX-)(TL4FF+)(MCRST+) 
{PISEX-)(EOINS+)(TL4FF+} 

(OPGJS-) (MCSET+) (DMCRQ-) 
(TL1FF+) (SPMOD-) (IGACY+) 



'Applicable only when computer is equipped with memory expansion option. 



5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jus): 1.6 



Origin 



138-11 

138-C/J 

128-A5 

122-J10 



128-L9 
125-B4/ 

J5 
127-A67 

F7 
122-N8 

125-B4/ 
J4 
125-L7 

129-H3 
129-D4/ 
L4 
126-K12 



Destination' 



Operation 



(See main frame wire list.) 
(See main frame wire list.) 



101-1 16-A9 

122-N8 
111-P4 
112-116-P4 

124-F2 
136-K10/11 
128-N9 
101— 116— F11 

116-F7-F9 
117-A1 
124-G2 
125-G2 
101-1 16-F5- 

F9 
125-D7 

101-1 16-N11 
101-1 16-L10 

150-K12 



Enable P register to 

adder 

Enable generate CMK09- 
Reset E register bit 1 1 
Enable A(1 1-16) into 

E(1M6) 
Enable reset CB1TF 
Set/Reset SEXTF* 

Inhibit M register clear 
Clear D register to 
ONEs 
Force carry to adder 

Enable set CB1TF 
Enable generate CLETR- 
Enable adder sum to 

D register 
Set AZZZZ on trailing 

edge of MCSET 
Clear Y register 
Enable P register into 

Y register 
Enable Memory Cycle 
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T2 



T2 

& 

T3 

(TLATE+) 



T3 



T4 



ENTER ROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



DEVELOP START MEMORY LEVEL 

0-(M), Vs - (D) 

(P)+ I -ADDER, - (F) 

ADDER -(D) 



STROBE 
R 
S 



MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, E1KI7-, CLFTL- 
ESDTS+ 



[ea] -(M) 

0-<P) 
(D) -(P) 



(A) -ADDER 



l's-(D) 
ADDER -(D) 



- CB1TF 
- (Y) 
(P) - (Y) 
SET F-CYCLE ENTRY F-F 



NEXT INSTRUCTION 
FETCH CYCLE 



NOTE: MISSING SIGNALS CAN BE 
FOUND IN RCB ANALYSIS 



MMnnF- 

CLPTR- 

EDPTS- 



EASTL+ 
(SEE NOTE) 



CLDTR- 
ESDTS+ 



(SEE NOTE) 
CLYTR- 
EPYTS+ 
FCYEF+ 



RCB - 

1 CYCLE 

OP CODE U0200 



instruction: Reset C to ZERO (RCB) 
OP Code: 140200 Type: G, 1 cycle 
Description: 0~> (C) 



1 















5 6 7 8 9 10 
Execution Time {[is): 1. 



11 12 13 14 15 16 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


EPSLL+ 


128-K4 


F 




L 


(FCYEF+HTLATE-) 


128-G3 


101-116-A9 


Enable P register to 


TLATE 


EIK17- 


127-P5 


F 




L 


(TLATE-) 


127-K6 


116-F7-F9 


adder 
Force carry to adder 


TLATE 


CLMTR- 


128-P9 


F 


TL1 


R 


(MCRST+MHOLDM-HTL1 FF+) 


128-P8 


101-1 16-L9 


Clear M register 


CLDTR- 


125-K5 


F 


TL1 


R 


(ICYEF-)(ACYEF-)(TL1 FF+) 


125-A6 


101-116-F11 


Clear D register to 
ONEs 


CLFTL- 


125-^K8 


F 


TL1 


L 


(iCYEF-)(ACYEF-HTL1FF+) 


125-A6 


120-A1 
121 -A5 
125-D8 


Ciear F register 
Clear shift counter 
Clear AZZZZFF 


ESDTS+ 


125-M4 


F 


TL1 


s 


(ICYEF-MACYEF-MTL1FF+) 


125-A6 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


MMnnF- 


142 








(SWnn+)(STRB-) 


80.04 


101-1 16-H8 


Memory data set into 
M register 


CLPTR- 


129-M10 


F 


TL2 


R 


(FCYEF+)(TL2FF+)(SCZRO+) 
(MEMAC-HMCRST+) 


129-E7/ 
L10 


101-1 16-L12 


Clear P register 


EDPTS+ 


129-P9 


F 


TL2 


S 


(FCYEF+)(TL2FF+)(SCZRO+) 
(MEMAC-HMCSET+) 


129-E7/ 
L10 


101-116-J11 


Enable D register to 
P register 


EASTL+ 


127-P1 


F 


TLATE 


L 


(G ENOP+) (TLATE+) (M02FF+) 
(M09FF+) 


127-K12 


101-1 16-A4 


Enable A register to 
adder 


JAMKN- 


127-L4 


F 


TLATE 


L 


(G ENOP+) (TLATE+) (M02FF+) 
(M09FF+) 


127-G12/ 
K12 


101-1 16-C9 
117-D/K 


Jam carry network 


EMSHL+ 


127-P9 


F 


TLATE 


L 


(GENOP+)(TLATE+)(M02FF+) 
(M09FF+) 


127-G12/ 
K12 


101-107-A9 


Enable M(1-7) to adder 


ENSHL+ 


127-P8 


F 


TLATE 


L 


(GENOP+) (TLATE+) (M02F F+) 
(M09FF+) 


127-G12/ 
K12 


101-107-A10 


Enable M-(1-7) to adder 


EMSLL+ 


127-P11 


F 


TLATE 


L 


(GENOP+MTLATE+HM02FF+) 
(M09FF+) 


127-G12/ 
K12 


108-1 16-A9 


Enable M(8-16) to adder 


ENSLL+ 


127-P7 


F 


TLATE 


L 


(GENOP+)(TLATE+)(M02FF+) 
1M09FF+) 


127-G12/ 
K12 


108-1 16-A10 


Enable M-(8-16) to adder 


CLDTR- 


125-K5 


F 


TL3 


R 


{TL3FF+)(ACYLF-)(MCRST+} 


125-B6 


101-1 16-F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL3 


S 


(TL3FF+)(IOGRP-)(MCSET+) 


125-B5 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


CBITF 


124-P2 


F 


TL4 


R 


(GENOA+)(M09FF+)(M1 1FF-) 
(TL4FF+)(DIVOP-)(MCRST+) . 


124-A3 


124-P1 


Reset CBITF 


CLYTR- 


129-P3 


F 


TL4 


R 


(SCZRO+) (TL4F F+) (MCRST+) 


129-E1, 
H3 
129-D4/ 


101-1 16-N12 


Clear Y register 


EPYTS+ 


129-P4 


F 


TL4 


S 


(PISEX-HEOINS+HTL4FF+) 


101-1 16-L10 


Enable P register to 












(OPGJS-)(MCSET+) 


L4 




Y register 


MEMCI+ 


126-K12 


F 


TL1 


L 


(TL1 FF+)(SPMOD-) (IGACY+) 


126-F2/ 
J12 


150-A2 


Enable memory cycle 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCI+)(MBSYX-) 


150-A2 


150-D2 


Start memory cycle 
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ENTER FROM PREVIOUS OPERATION 








(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 






1 


> 






L 


DEVELOP START MEMORY LEVEL 


MEMCI+ 


Tl 


R 


0-(M), l«s-(D) 


CLMTR-, CLDTR- 




L 


(p) + ] ,. ADDER, •= (F) 


EPSLL+. EJK17-. "">. 




S 


ADDES 


-(D) 


ESDTS+ 






< 








STROBE 


[EAj ~(M) 


MMtmF- 


T2 


R 


0-(P) 


CLPTR- 






S 


(D) -(P) 




EDPTS- 











T2 


L 


t „,.. ,. .. 


& 
T3 


(A) -ADDER 


EASTL+ 


(TLATE+) 






• (SEE NOTE) 




R 
S 




' 




T3 


l's-(D) 
ADDER -(D) 


CLDTR- 
ESDTS+ 












S 

R 
S 
S 


' 


' 




T4 


1 - CB1TF 
-(Y) 
(P> ~(Y) 
SET F-CYCLE ENTRY F-F 


(SEE NOTE) 
CLYTR- 
EPYTS+ 
FCYEF+ 














< 







NEXT INSTRUCTION 
FETCH CYCLE 



NOTE: 



MISSING SIGNALS CAN BE 
FOUND IN SCB ANALYSIS 



SCB 

1 CYCLE 

OP CODE 140600 



Instruction: Set C to ONE (SCB) 

OP Code: 140600 Type: G, 1 cycle 

Description: 1 -*■ (C) 



1 


1 










I ° 


1 


1 
























Signal 



EPSLL+ 

EIK17- 

CLMTR- 

CLDTR- 

CLFTL- 



ESDTS+ 

MMnnF- 

CLPTR- 

EDPTS+ 

EASTL+ 

JAMKN- 

EMSHL+ 

ENSHL+ 

EMSLL+ 

ENSLL+ 

CLDTR- 

ESDTS+ 

CB1TF 

CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 



Origin 



128-K4 

127-P5 
128-P9 
T25-K5 

125-K8 



125-M4 

142 

129-M10 

129-P9 

127-P1 

127-L4 

127-P9 

127-P8 

127-D11 

127-P7 

125-K5 

125-M4 

124-P2 

129-P3 

129-P4 

126-K12 

150-D2 



Cyc 



Tim 



TLATE 



TLATE 

TL1 

TL1 

TL1 
TL1 

TL2 

TL2 

TLATE 

TLATE 

TLATE 

TLATE 

TLATE 

TLATE 

TL1 

TL3 

TL4 

TL4 

TL4 

TL1 

TL1 



Clk 



L 
R 
R 

L 
S 

R 
S 

L 
L 
L 
L 
L 
L 
R 
S 
S 
R 
S 
L 
L 



Signal Component 



(FCYEF+HTLATE-) 

(TLATE-) 

(MCRST+HHOLDM-HTL1FF+) 

(ICYEF-HACYEF-HTL1FF+) 

(ICYEF-HACYEF-HTL1 FF+) 



(ICYEF-HACYEF-HTL1FF+) 
(SWnn±)(STRB-) 

(FCYEF+) (TL2F F+) (SCZRO+) 

(MEMAC-)(MCRST+) 
(FCYEF+){TL2FF+)(SCZRO+) 

(MEMAC-HMCSET+) 
(GENOP+) (TLATE+) (M02F F+) 

(M09FF+) 

(GENOP+HTLATE+HM02FF+) 

(M09FF+) 
(GENOP+)(TLATE+)(M02FF+) 

(M09FF+) 
(G ENOP+){TLATE+) (M02FF+) 

(M09FF+) 
(G ENOP+) (TLATE+) (M02FF+) 

(M09FF+) 
(GENOP+)(TLATE+)(M02FF+) 

(M09FF+) 
(TL3FF+)(ACYLF-)(MCRST+) 

(TL3FF+)(IOGRP-)(MCSET+) 

(MCSET+)(GENOA+){TL4FF+) 

(M08FF+){M09FF+) 
(SCZ RO+) (TL4FF+) (MCRST+) 

(PISEX-)(EOINS+)(TL4FF+) 

(OPGJS-)(MCSET+) 
(TL1FF+)(SPMOLV) (IGACY+) 

(MEMCI+XMBSYX+) 



5 6 7 8 9 10 
Execution Time (jus): 1 



11 12 13 14 15 16 



.6 



Origin 



128-G3 

107 VC 

!£.* 1-W 

128-P8 
125-A6 

125-A6 



125-A6 
80.04 

129^E7/ 

L10 
129-E7/ 

L10 
127-K12 

127-G12/ 

K12 
127-G12/ 

K12 
127-G12/ 

K12 
127-G12/ 

K12 
127-G12/ 

K12 
125-B6 

125-B5 

124-D6 

129-E1/ 
H3 
129-D4 

126-F2/ 
J12 
150- A2 



Destination 



101-116-A9 

t iu — t' ;tb 

101-1 16-L9 
101-116-F11 

120-A1 
121— A5 
125-D8 
101-116-F5- 

F9 
101-116-H8 

101-116-L12 

101-1 16-J11 

101-1 16-A4 

101-1 16-C9 

117-D/K 

101-107-A9 

101-107-A10 

108-1 16-A9 

108-1 16-A10 

101-1 16-F11 

101-1 16-F5- 

F9 
124-P1 

101-116-N12 

101-116-L10 

150-A2 

150-D2 



Operation 



Enable P register to 

adder 

Fofee carry to adder 
Clear M register 
Clear D register to 

ONEs 
Clear F register 
Ciear shift counter 
Clear AZZZZFF 
Enable adder sum to 

D register 
Memory data set into 

M register 
Clear P register 

Enable D register to 

P register 
Enable A register to 

adder 
Jam carry network 

Enable M(1-7) to adder 

Enable M-(1-7) to adder 

Enable M{8-16) to adder 

Enable M-(8-16) to adder 

Clear D register to 

ONEs 
Enable adder sum to 

D register 
SetCBITF 

Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 


















Tl 




f 








L DEVELOP START MEMORY LEVEL 
R 0-(M), 1's -(D) 
L (P)+l -ADDER, - (F) 
S ADDER -(D) 


MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, E1K17-, CLFTL- 
ESDTS+ 


















T2 




<r 








STROBE 
R 
S 


[EA] -(M) 

, 0-(P) 

(D) -(P) 


MMnnF- 

CLPTR- 

EDPTS- 


















T3 




< 


' 








R 
L 
S 


l's - P) 
(P)+l - ADDER 
ADDER - p) 


CLDTR- 

EPSLL+, E1K17- 
ESDTS+ 



































T4 



NO 




YES 



-(Y) 
(P) -(Y) 



(SEE NOTE) 

CLYTR- 
EPYTS+ 



- (P), - (Y) 
(D) - <P), (D) - (Y) 



CLPTR-, CLYTR- 
EDPTS+, EDYTS+ 



SET F-CYCLE ENTRY FF 



FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



NOTE: REFER TO SKIP INSTRUCTION ANALYSES 
FOR SPECIFIC CONDITIONS 



COMMON SKIP INSTRUCTION 

FLOWGRAM 

GENERIC, 1 CYCLE (0.96 H S) 



Common Entry and Exit for Skip Instructions 

Instruction: 

OP Code: Type: 

Description: 



1 


I 
















X 


X 


X 


X 


X 


X 


X 


X 


X 


X 















2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (pis): 



Signal 


Origin 


Cyc 


Tim 


Cik 


Signal Component 


Origin 


Destination 


Operation 


EPSLL+ 


128-K4 








(SKGRP-)V(TLATE-) 
(FCYEF+) 


128-F3/ 
J4 


101-1 16-A9 


Enable P register to 
adder 


EIK17- 


127-P5 








(SKGRP-)V(TLATE-) 


127-K6 


116-F7-F9 


Force carry to adder 


CLFTL- 


125-K8 


F 


TL1 


L 


(ICYEF-HACYEF-HTL1 FF+) 


125-A6 


120-A1 
121 -A5 
125-D8 


Clear F register 
Clear shift counter 
Clear AZZZZFF 


CLMTR- 


128-P9 


F 


TL1 


R 


(MCRST+)(HOLDM-)(TL1FF+) 


128-P8 


101-116-L9 


Clear M register 


CLDTR- 


125-K5 


F 


TL1 


R 


(ICYEF-)(ACYEF-)(TL1FF+) 


125-A6 


101-116-F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL1 


S 


(ICYEF-)(ACYEF-)(TL1FF+) 


125-A6 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


MMnnF- 


142 








(SWnn±)(STRB-) 


80.04 


101-116-H8 


Memory data set into 
M register 


CLPTR- 


129-M10 


F 


TL2 


R 


(FCYEF+)(TL2FF+){SCZR0+) 
(MEMAC-MMCRST+) 


129-E7/ 
L10 


101-1 16-J10 


Clear P register 


EDPTS+ 


129-P9 


F 


TL2 


S 


(FCYEF+)(TL2FF+)(SCZRO+) 
(MEMAC-)(MCSET+) 


129-E7/ 
L10 


101-1 16-J11 


Enable D register to 
P register 


CLDTR- 


125-K5 


F 


TL3 


R 


(TL3FF+)(ACYLF-)(MCRST+) 


125-B6 


101— 116— F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL3 


S 


(IOGRP-MTL3FF+HMCSET+) 


125-B5 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


OPGJS+ 


129-M11 








(See Table 2-1 for conditions) 




129-D4-D8 


Condition satisfied? 


CLPTR- 


129-M10 


F 


TL4 


R 


(OPG JS+) ( EO I NS+) (TL4F F+) 
(MCRST+) 


129-E8/ 
L10 


101-116-L12 


Clear P register 


EDPTS+ 


129-P9 


F 


TL4 


S 


(OPGJS+) (EOI NS+) (TL4FF+) 
(MCSET+) 


129-E8/ 
L9 


101— 116— J11 


Enable D register into 
P register 


CLYTR- 


129-P3 


F 


TL4 


R 


(ACYLF+)- (TL4F F+) (MCRST+) 


129-E1/ 
H3 
129-G1/ 


101-1 16-N12 


Clear Y register 


EDYTS+ 


129-P1 


F 


TL4 


S 


(ACYNX- ) (MCSET+) (TL4FF+) 


101-1 16-J10 


Enable register into 












(BRREQ-MOPGJS-) 


D4/F5 




Y register 


EPYTS+ 


129-P4 


F 


TL4 


S 


(PISEX-)(EOINS+)(TL4FF+) 
(OPGJS-HMCSET+) 


129-E1/ 
H3 


101-1 16-L10 


Enable P register to 
Y register 


MEMCI+ 


126-J11 


F 


TL1 


L 


(TL1FF+)(SPMOD-) (IGACY+) 


126-F2/ 
J12 


150-A2 


Enable memory cycle 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCI+)(MBSYX-) 


150-A2 


150-D2 


Start memory cycle 
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ENTER ROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



FCYEF+ 



DEVELOP START MEMORY LEVEL 

- M, Ts - (D) 



rtL/l^L.IV, 



ADDER - (D) 



I 



STROBE 



T2 



[EA] ~M 

o -(p) 

(D) ~<P) 



T3 



T4 



l's -(D) 
ADDER - (D) 



- (A,) 
(D), -(A), 
(P) ~ (Y) 
SET F-CYaE ENTRY FF 



NEXT INSTRUCTION 
FETCH CYCLE 



MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+ E1K17- CLFTL- 
ESDTS+ 



MMnnF- 

CLPTR- 

EDPTS- 



CLDTR- 
ESDTS+ 



CLAIL+ 
EDAIL+ 
EPYTS+ 
FCYEF+ 



SSM 

1 CYCLE 

OP CODE 140500 



Instruction: Set Sign Minus (SSM) 

OP Code: 140500 Type: G, 1 cycle 

Description: 1 -*■ (A)j 



5 6 7 8 9 10 
Execution Time (/as): 1, 



11 12 13 14 15 16 



Signal 



EPSLL+ 

EIK17- 

CLMTR- 

CLDTR- 

CLFTL- 



ESDTS+ 

MMnn F- 

CLPTR- 

EDPTS+ 

CLDTR- 

ESDTS+ 

CLAIL+ 
EDAIL+ 

CLYTR- 

EPYTS+ 

MEMCI+ 

QOXXX+ 



Origin 



128-K4 

127-P5 
128-P9 
125-K5 

125-K8 



IOC KMA 
I 4L\J IWIT 

142 

129-M10 

129-P9 

125-K5 

125-M4 

130-K11 
130-K10 

129-P3 

129-P4 

126-K12 

150-D2 



Cyc 



Tim 



tTatT 



TLATE 

TL1 

TL1 

TL1 



TL1 

TL2 

TL2 

TL3 

TL3 

TL4 
TL4 

TL4 

TL4 

TL1 

TL1 



Clk 



Signal Component 



(FCYEF+HTLATE-) 

(TLATE-) 

(MCRST+)(HOLDM-)(TL1 FF+) 
(!CYEF-)(ACYEF-)(TL1 FF+) 

(ICYEF-HACYEF-HTL1 FF+) 



/irvct-K&rvep-WTi ipp-u 

(SWnn±)(STRB-) 

(FCYEF+)(TL2FF+)(SCZRO+) 

(MEMAC-)(MCRST+) 
(FCYEF+)(TL2FF+){SCZRO+) 

(MEMAC-)(MCSET+) 
(TL3FF+)(ACYLF-)(MCRST+) 

(TL3FF+)(IOGRP-)(MCSET+) 

(GENOA+)(TL4FF+)(M10FF+) 
(GENOA+)(TL4FF+)(M08FF+) 

(M10FF+) 
(SCZRO+)(TL4FF+) (MCRST+) 

(PISEX-)(EOINS+)(TL4FF+) 

(OPGJS-)(MCSET+) 
(TL1FF+)(SPMOD-) (IGACY+) 

(MEMCI+HMBSYX-) 



Origin 



128-G3 

127-K6 
128-P9 
125-A6 

125-A6 



125-A6 
80.04 

129-E7/ 

L10 
129-E7/ 

L9 
125-B6/ 

J5 
125-B5/ 

J4 

130-F11 
130-F10 

129-E1/ 

H3 
129-D4/ 

L4 
126-F12/ 

J12 
150- A2 



Destination 



101-1 16-A9 

116-F7/F9 
101-116-L9 
101— 116— F11 

120-A1 
121 -A5 
125-D8 
1Q1_116_F5- 

F9 
101-1 16-H8 

101— 116-L12 

101-1 16-J11 

101-116— F11 

1 01-11 6-F5- 

F9 
101 -L4 
101-L7 

101-116-N12 

101-1 16-L10 

150-A2 

150-D2 



Operation 



Enable P register to 

adder 

Force carry to adder 
Clear M register 
Clear D register to 

ONEs 
Clear F register 
Clear shift counter 
Clear AZZZZFF 
Enable adder sum to 

D register 
Memory data set into 

M register 
Clear P register 

Enable D register to 

P register 
Clear D register to 

ONEs 
Enable adder sum to 

D register 
Clear A register bit 1 
Enable D register bit 1 

to A register bit 1 
Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 



2-39 





Tl 


ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 




' — 





" 













L 

R 
L 
S 


DEVELOP START MEMORY LEVEL 
~(M), l«s - (D) 

(P) + 1 - ADDER, - (F) 

ADDER ~ (D) 


MEMCI+ 
CLMTR-, CLDTR- 

EPSLL+, E1K17-, CLFTL- 
ESDTS+ 


















T2 




U 








STROBE 
R 
S 


[EA] - (M) 

~{P) 

(D) - (P) 


MMnnF- 

CLPTR- 

EDPTS- 


















T3 




u 








R 
S 


Ts ,(D) 
ADDER - (D) 


CLDTR- 
ESDTS+ 


















T4 




1 


r 








L 
R 
S 
L 


- (A) 1 
Q - (Y) 
(P) -(Y) 
SET F-CYaE ENTRY FF 


CLAIL- 
CLYTR- 
EPYTS+ 
FCYEF+ 






















1 


' 









NEXT INSTRUCTION 
FETCH CYCLE 



SSP 

1 CYCLE 

OP CODE 140100 



Instruction: Set Sign Pius (SSP) 

OP Code: 140100 Type: G, 1 cycle 

Description: - * (A).j 



1 


1 



























1 





















1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time {/is): 1 .6 



Signal 



EPSLL+ 

EIK17- 

CLMTR- 

CLDTR- 



ESDTS+ 

MMnnF- 

CLPTR- 

EDPTS+ 

CLAIL+ 
CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 



Origin 



128-K4 

127-P5 
129-P9 
125-K5 



125-M4 

142 

129-M10 

129-P9 

130-K11 
129-P3 

129-P4 

126-K12 

150-D2 



Cyc 



Tim 



TLATE 



TLATE 

TL1 

TL1 

Tl 1 



TL1 

TL2 

TL2 

TL4 
TL4 

TL4 

TL1 

TL1 



Clk 



Signal Component 



(FCYEF+KTLATE-) 

(TLATE-) 

(MCRST+)(HOLDM-)(TL1FF+) 

(ICYEF-MACYEF-HTL1FF+) 

MrYFF-WAPVFF-UTI 1FF+1 



(ICYEF-)(ACYEF-)(TL1 FF+) 






ji«^^j-\;Q"r 



){STRB-) 



(FCYEF+)(TL2FF+)(SCZRO+) 

(MEMAC-)(MCRST+) 
(FCYEF+) {TL2FF+HSCZRO+) 

(MEMAC-)(MCSET+) 
(GENOA+)(TL4FF+)(M10FF+) 
(SCZRO+)(TL4FF+)(MCRST+) 

(PISEX-)(EOINS+)(TL4FF+) 

(OPGJS-HMCSET+) 
(TL1FF+)(SPMOL>) (IGACY+) 

(MEMCI+)(MBSYX-) 



Origin 



128-G3 

127-K6 
128-P9 
125-A6 

19R— Afi 



125-A6 
80.04 

129-E7/ 

L10 
129-E7/ 

L9 
130-F11 
129-E1/ 

H3 
129-D4/ 

L4 
126-F12/ 

J12 
150-A2 



Destination 



101-116-A9 

116-F7-F9 
101-1 16-L9 
101— 116— F11 

120— A 1 
121-A5 
125-D8 
1 01-11 6-F5- 

F9 
101— 116— H8 

101-1 16-L12 

101-1 16-J11 

101-L4 
101-116-N12 

101-116-L10 

150-A2 

150-D2 



Operation 



Enable P register to 

adder 

Force carry to adder 
Clear M register 
Clear D register to 

ONEs 
Clear F register 
Clear shift counter 
Clear AZZZZ FF 
Enable adder sum to 

D register 
Memory data set into 

M register 
Clear P register ' 

Enable D register to 
P register 
Clear A register bit 1 
Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 



2-40 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLE) 



FCYEF+ 



DEVELOP START MEMORY LEVEL 
-(M), l's -(D) 
(P) + 1 - ADDER, - (F) 
ADDER - (D) 



MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 



STROBE 


[EA] - (M) 


R 


- (P) 


S 


(D) - (P) 



T2 



T2 
& 
T3 

(TLATE) 



NO 



c 



MMiwF- 

CLPTR- 

EDPTS+ 



-(A) 
<P>1_ 8 ~ < A > 



1-8 



(D) 9 _ 16 >(A) 9 _ 16 



(SC = -1) 



(SC) + I - (SC) 



(SC = 0, AZZZZ = 1) 



AZZZZ = 0? 



) 



YES 



(A) + l -ADDER 



EASTL+, EIK17- . 

(SEE NOTE) L 



(A) ADDER 



T3 



REPEAT T2 



T4 



- (A), - (Y) 

< D )l-8 -( A >l-8 (D) 9-16 ~< A >9-16 

(P)'~ (Y) 

SET F-CYCLE ENTRY F-F 



CLATR- 
EDAHS+ 
EDALS+ 



INCSC+ 



EASTL+, JAMKN- 



R 
S 


l's -(D) 
ADDER - (D) 


CLDTR- 
ESDTS+ 

RPTT2- 


R 
S 

S 
L 


l's - 
ADDER - 


. (D) 
►(D) 


CLDTR- 
ESDTS+ 




1 


' 


1 


' 




L 


ENTJ 


ERT4 


l's - 
SETAZ 


- SC 
ZZZFF 


EICTS- 
SETAZ+ 



RPTT2+ 



CLATR-, CLYTR- 
EDAHS+, EDALS+ 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



NOTE: MISSING SIGNALS CAN BE 
FOUND IN TCA ANALYSIS 



TCA 

1.5 CYCLES 

OP CODE 140407 



Instruction: Two's Complement of A (TCA) 
OP Code: 140407 Type: G, 1.5 cycles 
Description: Two's Complement of (A) -> (A) 



— $OT 

1 m 



.y :■:•:* ■:•:-: -:«.d 



i JM la Kf i tTi'i CM^ii ift i iY * * 







4 5 6 7 8 9 10 
Execution Time (jus): 2. 



11 12 13 14 15 16 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


EPSLL+ 
EIK17- 


128-K4 
127-P5 


F 

F 




L 

L 


(FCYEF+HTLATE-) 
(TLATE-) 


128-G3 
127-K6 


101-116-A9 
116-F7-F9 


Enable P register to 
adder 
Force carry to adder 


TLATE 


TLATE 


CLMTR- 


128-P9 


F 


TL1 


R 


(MCRST+HHOLDM-MTL1FF+) 


128-P8 


101-1 16-L9 


Clear M register 


CLDTR- 


125-K5 


F 


TL1 


R 


(ICYEF-HACYEF-HTL1 FF+) 


125-A6 


101— 116— F11 


Clear D register to 
ONEs 


CLFTL- 


125-K8 


F 


TL1 


L 


(ICYEF-)(ACYEF-)(TL1 FF+) 


125-A6 


120-A1 
121-A5 
125-D8 


Clear F register 
Clear shift counter 
Clear AZZZZ FF 


ESDTS+ 


125-M4 


F 


TL1 


S 


(ICYEF-){AeYET")(TL1 FF+) 


125-A6 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


MMnnF- 


142 








(SWnn±)(STRB-) 


80.04 


101-1 16-H8 


Memory data set into 
M register 


CLPTR- 


129-M10 


F 


TL2 


R 


{FCYEF+MTL2FF+MSCZRO+) 
(MEMAC-HMCRST+) 


129-E7/ 
L10 


101-116-L12 


Clear P register 


EDPTS+ 


129-P9 


F 


TL2 


S 


{FCYEF+MTL2FF+HSCZRO+) 
(MEMAC-MMCSET+) 


129-E7/ 
L10 


101-1 16-J11 


Enable D register to 
P register 


EASTL+ 


127-P1 


F 


TLATE 


L 


(AZZZZ- ) (TLATE+) (G ENOP+) 
(M16FF+HM02FF+MM01FF+) 


127-C3 


101-116-A4 


Enable A register to 
adder 


JAMKN- 


127-L4 


F 


TLATE 


L 


(AZZZZ- ) (TLATE+) (G ENOP+) 
(M16FF+)(M02FF+)(M01FF+) 


127-C3 


101-1 16-C9 
117 D/K 


Jam carry network 


CLDTR- 


125-K5 


F 


TL3 


R 


(TL3FF+)(ACYLF-)(MCRST+) 


125-B6 


101— 116— F11 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL3 


S 


(TL3FF+HIOGRP-MMCSET+) 


125-B5 


101-116-F5- 
F9 


Enable adder sum to 
D register 


SETAZ+ 


125-M7 


F 


TL3 


L 


(GENOA+MTL3FF+HM08FF+} 
(M15FF+) 


125-A8 


125-L8 


Set AZZZZ FF 


EICTS- 


125-K9 


F 


TL3 


S 


(G ENO A+) (TL3F F+HM08F F+) 
(M 1 5F F+) (AZZZZ- ) (MCSET+) 


125-A9/ 
J9 


121-A8 
126-F5 


Set shift counter to all 
ONEs generate RPTT2+ 


RPTT2+ 


126-G5 


F 


TL3 


S 


EICTS- 


126-G4 


126-G4 


Repeat T2 


CLATR- 


122-K8 


F 


TL2 


R 


(GENOA+MTL2FF+HAZZZZ+) 
(MCRST+) 


122-A5/ 
H7 


101-116-L6 


Clear A register 


EDAHS+ 


122-P1 


F 


TL2 


S 


f(GENOA+)(TL2FF+)(AZZZZ+) 1 
L (MCSET+) J 


122-A4/ 


101-108-J7 


Enable D(1 -8) into A( 1-8) 


EDALS+ 


122-P3 


F 


TL2 


S 


J1 


109-1 16-J7 


Enable D{9-16) into 
A(9-16) 
Increment shift counter 


INCSC+ 


126-P5 


F 


TL2 


L 


(FCYEF+)(TL2FF+) 


126-J5 


121 -A4 


EASTL+ 


127-P1 


F 


TLATE 


L 


(GENOP+)(TLATE+)(M02FF+) 
(AZZZZ+) 


127-K10 


101-1 16-A4 


Enable A register to 
adder 


EMSHL+ 


127-P9 


F 


TLATE 


L 


(GENOP+)(TLATE+)(M02FF+) 

(AZZZZ+) 
(GENOP+)(TLATE+)(M02FF+) 


127-K10 


101-107-A9 


Enable M(1-7) to adder 


ENSHL+ 


127-P8 


F 


TLATE 


L 


127-K10 


101-107-A10 


Enable M- ( 1 -7) to adder 












(AZZZZ+) 








EMSLL+ 


127-P11 


F 


TLATE 


L 


(GENOP+) (TLATE+) (M02F F+) 

(AZZZZ+) 
(GENOP+)(TLATE+)(M02FF+) 


127-K10 


108-1 16-A9 


Enable M(8-16) to adder 


ENSLL+ 


127-P7 


F 


TLATE 


L 


127-K10 


108-116-A10 


Enable M-(8-16) to adder 












(AZZZZ+) 








EIK17- 


127-P5 


F 


TLATE 


L 


(JAMKN- ) 


127-L4 


116-F7 


Force carry to adder 


CLATR- 


122-K8 


F 


TL4 


R 


(GENOA+HM16FF+HTL4FF+) 


122-A2 


101-116-L6 


Clear A register 


EDAHS+ 


122-P1 


F 


TL4 


S 


(GENOA+)(M16FF+)(TL4FF+) 


122-A2 


101-108-J7 


Enable D{1-8) into A(1-8) 


EDALS+ 


122-P3 


F 


TL4 


S 


(GENOA+)(M16FF+)(TL4FF+) 


122-A2 


109-1 16-J7 


Enable D{9-16) into 
A(9-16) 


CLYTR- 


129-P3 


F 


TL4 


R 


(SCZRO+)(TL4FF+)(MCRST+) 


129-E1/ 
H3 
129-D4 


101-116-N12 


Clear Y register 


EPYTS+ 


129-P4 


F 


TL4 


S 


(PISEX-)(EOINS+)(TL4FF+) 


101-116-L10 


Enable P register to 












(OPGJS-)(MCSET+) 






Y register 


MEMCI+ 


126-K12 


F 


TL1 


L 


(TL1FF+)(SPMOD-) (IGACY+) 


126-F12/ 
J12 
150-A2 


150- A2 


Enable memory cycle 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCI+)(MBSYX-) 


150-D2 


Start memory cycle 



2-41 



ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 



Tl 



ACYEF+ 



INHIBITO ~ (M) 

(M) ? _ 16 - ADB 7 _ 16 

I's - (D) 

(P) + 1 - ADDER 

ADDER - (D) 



HOLDM- 

ADB 7-16 
CLDTR- 

EPSLL+, EIK17- 

ESDTS+ 







f DEVICE READY? 
\^ (DRL1 N-) 


>> 


i NO 




i 


■ 
* 


DRFLl- 






\ 


YES 




L 


SET DRFLP+ FF 









_ 




— 


T2 


R 
S 


~<P) 
(D) - (P) 




CLPTR- 
EDPTS+ 

CLDTR- 
EIDTS+ 

RRLIN- 








■ 


f 










R 
S 


l's - (D) 
(INB) - (D) 






T3 




" 










L 


RESET DEVICE READY 
























1 


' 


















YES 


f M07 = 1 ? 


) 






' 


f 










NO 






R 


,(A) 


CLATR- 






















i 


1 














R 
S 


~(Y) 
(P) -(Y) 




CLYTR- 
EPYTS+ 




T4 




' 


t 









c 



DRFLP = 0? 



NO 



YES 



(D) V (A) . (A) 



EDAHS+, EDALS+ 



SET F-CYCLE ENTRY F-F 



FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



INA 

2 CYCLES 

OP CODE 54 



Instruction: Input to A (INA) 

OP Code: 54 Type: I/O, 2 cycles 

Description: (INB) -+ (A), { IW) 7 = 1 

(INB) V (A) ^ (A), (IW) 7 = 




5 6 7 8 9 10 
Execution Time (/is): 3.: 



11 12 13 14 15 16 



Signal 


Origin 


Cyc 


Tim 


Clk 


Signal Component 


Origin 


Destination 


Operation 


MEMCI- 


126-G12 


c 


TL4 


L 


{IOGRP-S-HACYEF+} 


I26-C12 


126-J12 


Block start memory 


HOLDM- 


128-M9 


A 






(IOGRP+HACYEF+) 


128-L9 


128-N9 


Inhibit M register clear 


ADB7-16 


138-9/10 


A 






(ADBST-MM FF+) 


138-A9 


143-XX 


(See. main frame wire list) 


CLDTR- 


125-K5 


A 


TL1 


R 


(ACYEF+KTL1FF+MJSTOP-) 
(IRSOP-MIMAOP-HMCRST+) 


125-B4 


101-116-F11 


Clear D register to 
ONEs 


EPSLL+ 


128-K4 


A 


TL1 


L 


(IOGRP+) 


128-A5 


101-1 16-A9 


Enable P register to 
adder 


EIK17- 


127-P5 


A 


TL1 


L 


(TLATE-) 


127-K6 


116-F7-F9 
117-A1 


Force carry to adder 


ESDTS+ 


125-M4 


A 


TL1 


S 


{ACYEF+MTL1 FF+HJSTOP-) 
(RISOP-MIMAOP-MMCSET+) 


125-B4 


101-116-F5- 
F9 


Enable adder sum to 
D register 


DRLIN- 


143-B3 


A 






Function of 10 option 




125-D10 


Device ready line 


DRFLP- 


125-E10 


A 


TL1 


S 




125-L11 


125-E10 


Reset DRFLP+ 


DRFLP+ 


125-E9 


A 


TL1 


L 


(SMKXX-) 


134-G9 


125-D9 


Set DRFLP+ 


CLPTR- 


129-M10 


A 


TL2 


R 


(TL2FF+)(IOGRP+)(DRFLP-) 
{OCPLS-MMCRST+) 


129-E6 


101-116-L12 


Clear P register 


EDPTS+ 


129-P9 


A 


TL2 


S 


(TL2FF+)(IOGRP+)(DRFLP-) 
(OCPLS-)(MCSET+) 


129-E6 


101-1 16-J 11 


Enable D register to 
P register 


CLDTR- 


125-K5 


A 


TL3 


R 


(ANAOP-)(TL3FF+)(MCRST+) 


125-B7 


101-116-F11 


Clear D register to 
ONEs 


EIDTS+ 


125-P6 


A 


TL3 


S 


(MCSET+XRRLIN-) 


125-L6 


101-1 16-F4 


Enable INB,- .„ to 

rs --^. 1-16 

D register 


RRLINt 


134-P10 


A 


TL24 


L 


(M01 FF+) (TL24F+) (DR F LP- ) 


134-J10 


143-D5 


Reset ready to device 


CLATR- 


122-K8 


A 


TL4 


R 


(ACYLF+)(TL4FF+)(!OGRP+) 
(DRFLP-)(M02FF-)(M07FF+) 
(M01FF+)(MCRST+) 


122-C6 


101-1 16-L6 


Clear A register if 
1W ? = 1 


EDAHS+ 


122-P1 


A 


TL4 


S 


(ACYLF+)(TL4FF+)(IOGRP+) 
{DRFLP-HM01FF+HM02FF-) 
(MCSET+) 


122-C1 


101-108-J7 


Enable D register to 
A(1-8) 


EDALS+ 


122-P3 


A 


TL4 


S 


(DRFLP-)(M01FF+)(M02FF-) 
(MCSET+)(ACYLF+)(TL4FF+) 
(IOGRP+) 


122-C1 


109-1 16-J7 


Enable D register to 
A(9-16) 


CLYTR- 


129-P3 


A 


TL4 


R 


(ACYNX-HTL4FF+MMCRST+) 


129-H3/ 
N3 
129-D4/ 


101-116-N12 


Clear Y register 


EPYTS+ 


129-P4 


A 


TL4 


S 


(PISEX-)(EOINS+)(TL4FF+) 


101-1 16-L10 


Enable P register to 












(OPGJS-) (MCSET+) (DMCRQ- ) 


L4 




Y register 


MEMCI+ 


126-K12 


A 


TL1 


L 


(TL1FF+)(SPMOD-)(IGACY+) 


126-F12/ 
J12 


150- A2 


Enable memory cycle 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCI+HMBSYX-) 


150- A2 


150-D2 


Start memory cycle 



1-42 



ENTER A-CYCLE 
FROM INSTRUCTION WORD 
FETCH 



ACYEF+ 



Instruction: Output Control Pulse (OCP) 
OP Code: 14 Type: I/O, 2 cycles 

Description: Set or reset function of specified device 





1 




4 






































A 


A 


A 


A 


A 


A 


A 


* 


A 


A 



5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time Qns): 3.2 



Ti 
sHROUGH 



INHIBIT - (M) 



(M). 



- ADB7-16 



7-16 
r:FMFPATF nrp 



HOLDM- 
ADB7-16 
OCPLS- 



T4 



R _{Y) 

S (P) - 00 

S SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



Signal 



NEXT INSTRUCTION 
FETCH CYCLE 



OCP 

2 CYCLES 

OP CODE 14 



MEMCI- 
HOLDM- 
ADB7-16 
OCPLS- 

CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 



Origin 



126-G12 
128-M9 
138-9/10 
134-N11 

129-P3 

129-P4 

126-K12 

150-D2 



Cyc 



Tim 



TL4 

TL4 
TL4 
TL1 
TL1 



Clk 



Signal Component 



(IOGRP+MACYEF+) 
(IOGRP+)(ACYEF+) 

(ADBST-HM FF+) 

lRESTR-){ACYEF-}iiOGRP+) 

(M01FF-)(M02FF-) 
(ACYNX-MTL4F F+) (MCRST+) 

(PISEX-)(EOINS+){TL4FF+) 

(OPGJS-)(MCSET+)(DMCRQ-) 
(TL1FF+)(SPMOD-) (IGACY+) 

(MEMC4+HMBSYX-) 



Origin 



126-C12 
128-L9 
138-9 
134-Alt/ 

F11 
129-H3/ 

N3 
129-D4/ 

L4 
126-F12/ 

J12 
150-A2 



Destination 



126-J12 
128-N9 

143-84 

101-116-N12 

101-116-L10 

150-A2 

150-D2 



Operation 



Biock start memory 
Inhibit M register clear 
(See main frame wire list) 
Control puise to device 

Clear Y register 

Enable P register to 
Y register 
Enable memory cyde 

Start memory cycle 
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ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 


ACYEF+ 












V 




L 
L 
R 
L 
S 


INHIBIT - (M) 
(M) 7 . 16 - ADB 7 _ 16 
] ! s - (D) 
(P) + 1 - ADDER 
ADDER - (D) 


HOLDM- 

ADB 7-16 
CLDTR- 

EPSLL+, EIK17- 

ESDTS+ 




U 





(A), , < - 0TB, , . 



T' 




f 






^ 
>" 


YES 




SMK 
DRftl- 






ADB 11-16 " "'- "' 




' 






NO 




' 








L 


SET MASK IN PERIPHERALS 








( 








' 






DEVICE READY? 
(DRL1 N-) 


> 


l NO » 






1 * 








YES 






< 








L 


SET DRFLP+ 




















' 


' 












T2 


R 
S 


- (P) 

p) - (p) 


CLPTR- 
EDPTS+ 


























' 


' 












T24 


L 


RESET DEVICE READY 


RRLIN- 
























' 
















f 










T4 


R 

S 

s 


~(Y) 

(P) - (Y) 

SET F-CYCLE ENTRY F-F 


CLYTR- 
EPYTS+ 
FCYEF+ 


























< 


' 















NEXT INSTRUCTION 
FETCH CYCLE 



OTA/SMK 
2 CYCLES 
OP CODE 74 



Instruction: Output from A (OTA) 

OP Code: 74 Type: I/O, 2 cycles 

Description: If ready: (A) -> (OTB) and skip 
If not ready: No output and no skip 



1 1 i 



A ..: ..*.. 



A 



1 2 3 4 5 6 7 8 9 10 11 12 13 . 14 15 16 
Execution Time (jzs): 3.2 



Signal 



MEMCI- 

HOLDM- 

EPSLL+ 

EIK17- 

ADB7-16 
CLDTR- 

ESDTS+ 

OTB0M6 
SMK01+ 

DRLIN- 
DRFLP- 
DRFLP+ 

CLPTR- 

EDPTS+ 

RRLIN- 
CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 



Origin 



126-G12 

128-M9 

128-K4 

127-P5 

1 38— 9/10 
125-K5 

125-M4 

138-8/F 
134-K12 

143-B3 
125-E10 
125-E9 

129-M10 

129-P9 

134-P10 
129-P3 

129-P4 

126-K12 

150-D2 



Cyc 



A 
A 
A 

A 



Tim 



TL4 

TL1 

TL1 
TL1 



TL1 
TL1 
TL2 

TL2 

TL24 
TL4 

TL4 

TL1 

TL1 



Clk 



S 
L 
R 



Signal Component 



(IOGRP+HACYEF+) 
(IOGRP+KACYEF+) 
(IOGRP+) 

(TLATE-) 

(ADBST-MM FF+) 

(ACYEF+MTL1 FF+HJSTOP-) 

(IRSOP-)(IMAOP-)(MCRST+) 
{ ACYE F+HT L IF F+) ( JSTOP- ) 

(IRSOP-)(IMAOP-){MCSET+) 

(SMKXX+){ADB07-)(FCX00+) 

Function of I/O option 

(DRFL1-) 

(SMKXX-) 
(TL2FF+MIOGRP+HDRFLP-) 

(OCPLS-)(MCRST+) 
{TL2FF+}(IOGRP+)(DRFLP-) 

(OCPLS-)(MCSET+) 
{M01FF+)(TL24F+){DRFLP-} 
{ACYNX-HTL4FF+HMCRST+) 

(PISEX-)(EOINS+)(TL4FF+) 

(OPGJS-)(MCSET+){DMCRQ-) 
(TL4FF+HSPMOD-) (IGACY+) 

(MEMCI+KMBSYX-) 



Origin 



126-L12 

128-L9 

128-A5 

127-K6 

138-A9 
125-B4 

125-B4 

138-A/E 
134-F12 



125-G11 

125-G9 

129-E6 

129-E6 

134-J10 
129-H3/ 

N3 
129-D4/ 

L4 
126-F12/ 

J12 
150-A2 



Destination 



126-K12 

128-N9 

101-116-A9 



Operation 



Block start memory 
Inhibit M register clear 
Enable P register to 
adder 
Force carry to adder 



116-F7-F9 
117-A1 

(See main frame wire list) 



101-116-F11 


Clear D register to 




ONEs 


101-1 16-F5- 


Enable adder sum to 


F9 


D register 



143-B5 



(See main frame wire list) 
ADB7-16=0020 o 



125-B11 
125-G10 
125-D9 
101-1 16-L12 

101— 116— J1 1 

143-D5 
101-116-N12 

101-116-L10 

150-A2 

150-D2 



(Set mask) 
Device ready line 
Reset DRFLP+ 
Set DRFLP+ 
Clear P register 

Enable D register to 

P register 
Reset ready to device 
Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 
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ENTER A-CYCLE FROM INSTRUCTION WORD FETCH 


ACYEF+ 
I 












L 
L 
R 
L 
S 


" 




Tl 


INHIBIT - 

^7-16 - 
I's - 

(P) + l - 

ADDER - 


► (M) 

► ADB 7 _ ]6 

► (D) 

► ADDER 
- (D) 


HOLDM- 

ADB 7-16 
CLDTR- 

EPSLL+, EIK17- 

ESDTS+ 







r SENSE CONDITION? > 
^ (DRL1 N-) _y 


v NO 


1 








YES 


L 


SET I 


DRFLP+ 


DRFLI- 














R 

S 


" 


CLPTR- 
EDPTS+ 






T2 


- (P) 
(D) - (P) 
















1 


' 








T3 
























R 
S 
S 


' 


r 


CLYTR- 
EPYTS+ 
FCYEF+ 






T4 


-00 
(P) - CO 

SET F-CYCLE ENTRY F-F 
















\ 


' 











NEXT INSTRUCTION 
FETCH CYCLE 



SKS 

2 CYCLES 

OP CODE 34 



Instruction: Skip if Ready Line Set (SKS) 

OP Code: 34 Type: I/O, 2 cycles 

Description: If f (device) is satisfied, device is ready 
and next instruction is skipped. 





3 






4 

-A 
























f 


•\f 




N 







1 








A 


A 


A 


A 


A 


A 


A 


A 


A 


A 



5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (/Us): 3=2 



Signal 



HOLDM- 
ADB7-16 
CLDTR- 

EPSLL+ 

EIK17- 

ESDTS+ 

DRLIN- 
DRFLP- 
DRFLP+ 

CLPTR- 

EDPTS+ 
CLYTR- 
EPYTS+ 
MEMCI+ 
COXXX+ 



Origin 



128-M9 

128-9/10 

125-K5 

128-K4 

127-P5 

125-M4 

143-B3 
125-E10 
125-E9 

129-M10 

129-P9 

129-P3 

129-P4 

126-K12 

150-D2 



Cyc 



A 
A 
A 

A 

A 

A 

A 
A 
A 

A 

A 
A 
A 
A 

F 



Tim 



TL1 
TL1 
TL1 
TL1 

TL1 
TL1 
TL2 

TL2 

TL4 

TL4 

TL1 

TL1 



Clk 



Signal Component 



(IORGP+)(ACYEF+) 

(ADBST-MM FF+) 

(ACYE F+) (TL1 F F+) ( JSTOP- ) 

(iRSOP-)(iMAOP-)(MCRST+) 
(IOGRP+) 

(ACYLF+) 

{CASOP-MLSXOP-MSUBOP-) 
(ACYEF+MTL1 FF+HJSTOP-) 

(IRSOP-)(IMAOP-)(MCSET+) 
Function of I/O option 

(DRFL1-) 

(SMKXX-) 
(TL2FF+)(JOGRP+)(DRFLP-) 

(OCPLS-)(MCRST+) 
(TL1FF+)(IOGRP+)(DRFLP-) 

(OCPLS-)(MCSET+) 
(ACYNX-)(TL4FF+){MCRST+) 

(PISEX-)(EOINS+)(TL4FF+) 

(OPGJS-HMCSET+MDMCRQ-) 
(TL1FF+)(SPMOD-) (IGACY+) 

(MEMCI+)(MBSYX-) 



Origin 



128-L9 
138-P9 
125-B4 

128-A5 

127-K6 

125-B4 



125-G11 

125-G9 

129-E6 

129-E6 

129-H3/ 

N3 
129-D4/ 

L4 
126-F12/ 

J12 
150-A2 



Destination 



Operation 



128-N9 Inhibit M register clear 

(See main frame wire list.) 
1 01 -1 1 6-F 1 1 | Clear D register to 

ONhs 
101 -1 16-A9 Enable P register to 

adder 
1 1 7— A1 Force carry to adder 



101-116-D4- 
D8 

125-D10 
125-G10 
125-D9 
101-116-L12 

101-1 16-J 11 

101-116-N12 

101-1 16-L10 

150-A2 

150-D2 



Enable adder sum to 
D register 
Device ready line 
Reset DRFLP+ 
SetDRFLP+ 
Clear P register 

Enable D register to 
P register 
Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 
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Common shift instruction entry 



Function 


Origin 


Cyc 


Tim 


Clk 


Boolean Expression 


Origin 


Destination 


Operation Description 


EPSLL+ 


128-K4 


F 




L 


{FCYEF+HTLATE-} 


128-G3 


101-116-A9 


Enable P register to 


TLATE 


EIK17- 


127-P5 


F 




L 


(TLATE-) 


127-K6 


116-F7/F9 


adder 
Force carry to adder 


TLATE 


CLFTL- 


125-K8 


F 


TL1 


L 


(ICYEF-HACYEF-MTL1FF+) 


125-A6 


121 -A5 
120-A1 
125-D8 


Clear shift counter 
Clear F register 
Clear AZZZZ FF 


CLMTR- 


128-P9 


F 


TL1 


R 


(MCRST+)(HOLDM-)(TL1FF+) 


-128-P9 


101-116-L9 


Clear M register 


CLDTR- 


125-K5 


F 


TL1 


R 


(ICYEF-HACYEF-HTL1FF+) 


125-A6 


101-116— FIT 


Clear D register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL1 


S 


{ICYEF-HACYEF-MTL1FF+) 


125-A6 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


MMnn F- 


142 








(SWnn±){STRB-) 


80.04 


101-1 16-H8 


Memory data set into 
M register 


CLPTR- 


129-M10 


F 


TL2 


R 


(EDPTR+HMCRST+) 


129-J9 


101-116-L12 


Clear P register 


EDPTS+ 


129-P9 


F 


TL2 


S 


(EDPTR+HMCSET+) 


129-J9 


101-116-J11 


Enable D register to 
P register 


EASTL+ 


127-P1 


F 


TLATE 


L 


{GENOP+MTLATE+HM01FF-) 


127-K10 


101-1 16-A4 


Enable A register to 
adder 


EMSHL+ 


127-P9 


F 


TLATE 


L 


(GENOP+) (TLATE+) (M01 F F- } 


127-K10 


101-108-A9 


Enable M(1-7) to adder 


ENSHL+ 


127-P8 


F 


TLATE 


L 


{G ENOP+KTLATE+) (M01 F F- ) 


127-K10 


101-107-A10 


Enable M-( 1 -7) to adder 


EMSLL+ 


127-P11 


F 


TLATE 


L 


(GENOP+MTLATE+MM01 FF~) 


127-K10 


108-1 16-A9 


Enable M{8-16) to adder 


ENSLL+ 


127-P7 


F 


TLATE 


L 


(GENOP+MTLATE+MM01FF-) 


127-K10 


108-1 16-A10 


Enable M-{8-16) to adder 


SETAZ+ 


125-M7 


F 


TL3 


L 


(SHAOP+) (TL3F F+} (AZZZZ- ) 


125-J12 


125-D7 


Set AZZZZ FF 


EMCTL+ 


125-P12 


F 


TL3 


L 


(SH AOP+) (TL3F F+) (AZZZZ- ) 


125-J12 


121-A11 


Enable M register to 
shift counter 


EMCTL- 


125-K12 


F 


TL3 


L 


(SH AOP+) (TL3F F+) (AZZZZ- ) 


125-J12 


124-G1 


Clear CB1TF 


SCZRO- 


121 -M4 








(SC16F-) through (SC11F-) 


121 -X6 


126-C4 


Shift counter equals 
ZERO 


RPTT2+ 


126-G5 


F 


TL3 


L 


NOR of EMC1 6 through 
EMC11- 


126-F7 


118-A4 


Repeat TL2 timing level 


CLDTR- 


125-K5 


F 


TL3 


R 


(TL3FF+)(ACYLF-)(MCRST+) 


125-B6/ 

J4 * 


101— 116-F11 


Clear D register to 
ONEs 


CLETR- 


125-K2 


F 


TL3 


R 


(TL3FF+)(GENOP+)(M01 FF-) 
(M02FF+HMCRST+) 


125-B1 


101-1 16-N2 


Clear E register 


ESDTS+ 


125-M4 


F 


TL3 


S 


(TL3FF+}(IOGRP-)(MCSET+) 


125-B5/ 
J4 


101-1 16-F5- 
F9 


Enable adder sum to 
D register 


EBETS+ 


125-M1 


F 


TL3 


S 


(TL3FF+)(GENOP+)(M01 FF-) 
(M02FF+)(MCSET+) 


125-B1 


101-1 16-L3 


Enable B register to 
E register 












See Page 2-59 for Common Shift Instruction Exit. 
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T2 



T2&T3 
(TLATE) 



T3 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



No. of shifts 



FCYEF+ (SEE NOTE 1) 



Instruction: Logical Left Rotate (ALR) 
OP Code: 0416N 



DEVELOP START MEMORY LEVEL 
-► (m), l ! s — (D) 
(P) + l - ADDER, - (F) 
ADDER - (D) 



STROBE 
R 
S 



MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, E1K17-, CLFTL- 
ESDTS+ 



Description: 



|A]-(M) 

-(P) 

(D) ~(P) 



MMnnF- 

CLPTR- 

EDPTS+ 



I 



D, - CB1TFF 

~(A) 

(°>2-16 - ( A >1- 15 

D l ~ A 16 



SHASC+ 
CLATR- 
SLATS+ 
D17DJ+ 



(SC) + 1 - (SC) 



INCSC+ 



(A) - ADDER 



EASTL+ 

(SEE NOTE 2) 



l's-(D), l's ~(E) 
ADDER - (D) 
(B) - (E) 



C 



CLDTR-, CLETR- 

ESDTS+ 

EBETS+ 



AZZ2Z = 



C 



3 



REPEAT T2 



YES 



NO 



SC = 



> 



NO 



1 ~AZZZZ 

< M >11-16 ~< SC > 

- CB1TFF 



SETAZ+ 
EMCTL+ 
EMCTL- 



RPTT2+ 



YES 



ENTER T4 



RPTT2- 



~(Y) 
(P)-(Y) 
SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



ALR 

1 + rv/2 CYCLES 

OP CODE 041 6N 



NOTES: 1. THIS INSTRUCTION IDENTICAL 
TO LGL EXCEPT FOR STATE OF 
D17DJ 



2. MISSING SIGNALS CAN BE 

FOUND IN ALR ENTRY ANALYSIS 



Signal 



SHASC+ 

CBITF 
CLATR- 
D17DJ+ 
SLATS+ 



[C& 



Type: SH, 1 + n/2 cycles 

n = no. of shifts 



N N N N N N 



ilp 



3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (pis): 1.6 + 0.8n 



Origin 



120-P7 

124-P1 
122-K8 
130-G4 
122-P11 



Cyc 



Tim Clk 



Signal Component 



Origin 



Destination 



Common Entry (See Common Entry for Shift Instructions, Page 2-46) 



TL2 

TL2 
TL2 
TL2 
TL2 



(SHAOP+HSCZRO-) 



(SHASC+) (TL2F F+) (M07 F F+) 

(M10FF-HD01FF+HMCSET+) 
(SHASC+MTL2FF+HM07FF+) 

(MCRSi+j 
(SH AOP+) (M09F F+) (M08F F+) 

(D01FF+) 
(SHASC+)(TL2FF+)(M07FF+) 

(MCSET+) 



120-L7 

124-D3 [ 124-P2 



122-D11/D12 
124— D1/D3/D5 



122-C11/[101-116-L6 
J8 
130-C3 J116-J5 

124-C11/ 101—1 16-J5 
J11 



Common Exit (See Common Exit for Shift Instructions, Page 2-59) 



Operation 



Shift A register and 
shift counter not equai 
to ZERO 

Set D1 into CB1TF 

Clear A register 
Left shift end effect 
Shift left A register 
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Tl 



T2 



T2&T3 
(TLATE) 



T3 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



No. of shifts 



FCYEF+ 



Instruction: Arithmetic Left Shift (ALS) 
OPCode: 0415N 



Type: SH, 1 + n/2 cycles 

n = no. of shifts 



1 



N N N I N N N 



DEVELOP START MEMORY LEVEL 
- (M), l's - (D) 
(P) + 1 - ADDER, - (F) 
ADDER - (D) 



STROBE " 
R 
S 



MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 



Description: 



V 



1 A 16 



OVF -»■ (C> 



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jus): 1.6 + 0.8n 



[EA] - (M) 

-(P) 

(D) ~{P) 



MMrmF- 

CLPTR- 

EDPTS+ 



- (A) 

< D >2-16 - ( A >l-l5 
°~ A 16 



CLATR- 
SLATS+ 
D17DJ- 



c 



) 



YES 



NO 



1 - CB1TF 



SHASC+ 
(SEE NOTE) 



(SC) + 1 - (SC) 



INCSC+ 



(A) - ADDER 



EASTL+ 
(SEE NOTE) 



l's -(D), Ts-(E) 
ADDER - (D) 
(B) - (E) 



C 



CLDTR-, CLETR- 

ESDTS+ 

EBETS+ 



AZZZZ = 



C 



> 



REPEAT T2 



YES 



NO 



SC = 



NO 



1 -AZZZZ 
(M) n _ ]6 -(SC) 
- CB1TF 



SETAZ+ 
EMCTL+ 
EMCTL- 



RPTT2+ 



YES 





L 


ENTER T4 


RPTT2- 






















__ 


f 






T4 


R 
S 
L 


-(Y) 
(P)-(Y) 
SET F-CYCLE ENTRY F-F 


CLYTR- 
EPYTS+ 
FCYEF+ 
























' 


' 







NEXT INSTRUCTION 
FETCH CYCLE 



ALS 

1 + n/2 CYCLES 

OP CODE 0415N 



NOTE: MISSING SIGNALS CAN BE 

FOUND IN ALS ENTRY ANALYSIS 



Signal 



SHASC+ 



r*i ATD— 

D17DJ- 
SLATS+ 



Origin Cyc Tim 



120-P7 



no vo 

130-G4 
122-P11 

124-E7 



Clk 



Signal Component 



Origin 



Destination 



Common Entry (See Common Entry -for Shift Instructions, Page 2-46) 



TL2 



TL2 
TL2 



(SHAOP+HSCZRO-) 



(MCRST+) 
(M08FF+) 
(SHASC+)(TL2FF+)(M07FF+) 

(MCSET+) 
See inputs to gate CB1TF— 



120-L7 


122-D11/D12 




124-D1/D3/ 




D5 


122— CI 1/ 


■J01— 116— L6 


J8 




130-C3 


116-J5 


122-C11/ 


101-116-J5 


J11 




124-E7 


124-P2 



Common Exit (See Common Exit for Shift Instructions, Page 2-59) 



Operation 



Shift A register and 
shift counter not equal 
to ZERO 



Clear A register bit 16 
Shift left A register 

Set CBITFwith SHASC+ 
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T2 



T2&T3 
(RATE) 



T3 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



No. of shifts 



FCYEF+ (SEE NOTE 1) 



Instruction: Logical Right Rotate (ARR) 



OPCode: 0406IM 
Description 



Type: SH, 1 + n/2 cycles 

n = no. of shifts 






1 1 













1 


1 





N 


N 


N 


N 


N 


N 











DEVELOP START MEMORY LEVEL 
- (M), l's - (D) 
(P) + 1 - ADDER, - (F) 
ADDER - (D) 



MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 



>n: Cp 



16 



5TROBE 
R 
S 



LEAj^(M) 

~(P) 

<P) -0») 



MMnnF- 

CLPTR- 

EDPTS+ 



Signal 



D ]6 -CB1TF 
-(A) 



-(A), 
'16 -"1 



'1-15 "* ^'2-16 
D,, -A, 



SHASC+ 
CLATR- 
SRATS+ 
D00DJ+ 



(SC) + 1 - (SC) 



INCSC+ 



(A) - ADDER 



EASTL+ 
{SEE NOTE 2) 



1' S -(P), l's -(E) 
ADDER - P) 
(B) - <E) 



C 



CLDTR-, CLETR- 

ESDTS+ 

EBETS+ 



AZZZZ = 



C 



3 



RPTT2+ 



YES 



REPEAT T2 

— x 



NO 



SC = 



NO 




1 , AZZZZ 

(M)l1-16 ~< SC > 
- CB1TF 



SETAZ+ 
EMaL+ 
EMCTL- 



YES 



ENTER T4 



RPTT2- 



~(Y) 
(P)-(Y) 
SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUaiON 
FETCH CYaE 



ARR 

1 + n/2 CYCLES 

OP CODE 0406N 



NOTES: 1. THIS INSTRUCTION IDENTICAL 
TO LGR EXCEPT FOR STATE OF 
DOODJ 



2. MISSING SIGNALS CAN BE 

FOUND IN ARR ENTRY ANALYSIS 



SHASC+ 

CB1TF 

CLATR- 

DOODJ+ 

SRATS+ 

MFG2E- 



Origin 



120-P7 

124-P1 
122-K8 
130-D1 
122-P12 
122-D 12 



Cyc 



-=*=- 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (Ms): 1.6 + 0.8n 



Tim 



Clk 



Signal Component 



Origin 



Destination 



Common Entry (See Common Entry for Shift Instructions, Page 2-46) 



TL2 

TL2 
TL2 
TL2 
TL2 
TL2 



(SHAOP+HSCZRO-) 



(SHASC+HM07FF-HM08FF+) 

0"L2FF+HD 16F F+HMC3ET+) 
(SH ASC+) (TL2F F+) (M07 F F- ) 

(MCRST+) 
(SHAOP+)(M08FF+)(M09FF+) 

(D16FF+) 
(SHASC+)(TL2FF+)(M07FF-) 

(MCSET+) 
(SHASC+)(TL2FF+)(M07FF-) 



120-L7 



124-D4 

122-C11/ 
J8 
130-A2 

122-C12/ 
J12 
122-C12 



122-D11/D12 
124-D1/D3/D5 

124-P2 

101-116-L6 

101 -J6 

101-116-J6 

124-G1 



Common Exit (See Common Exit for Shift Instructions, Page 2-59) 



Operation 



Shift A register and 
shift counter not equal 
to ZERO 

SetD16intoCB1TF 

Clear A register 
Right shift end effect 
Shift right A register 
Clear CB1TF 



2-49 





ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 














'< 




Tl 


L 

R 
L 

S 


DEVELOP START MEMORY LEVEL 
- (M), l's - (D) 

(P) + 1 - ADDER, - (F) 
ADDER - (D) 


MEMCI+ 
CLMTR-, CLDTR- 

EPSLL+, E1K17-, CLFTL- 

ESDTS+ 



No. of shifts 



Instruction: Arithmetic Right Shift (ARS) 



OP Code: 0405N 



Type: Sh, 1 + n/2 cycles 

n = no. of shifts 






1 

















1 





1 


N 


N 


N 


N 


N 


N 



Description: i^A j^-^—^ -^cl 



STROBE 
R 
S 



t 



[EA]-(M) 

-(P) 

<P) -0 5 ) 



T2 



T2&T3 
(TLATE) 



MMnnF- 

CLPTR- 

EDPTS+ 





D 1A 


- CB1TF 







-(A) 


(D) 


-15 


- < A >2-16 ) 




A l 


- D oo - A l 1 



SHASC+ 
CLATR- 

SRATS+, D00DJ+ 
(SEE NOTE) 



(SC) + 1 - (SC) 



1 NCSC+ 



(A) - ADDER 



EASTL+ 
(SEE NOTE) 



ZE 



l's - (D), l« s _ (E) 
ADDER - (D) 
(B) - (E) 



T3 



C 
C 



CLDTR-, CLETR- 

ESDTS+ 

EBETS+ 



AZZZZ = 



"> 



RPTT2+ 



REPEAT T2 



YES 



NO 



SC = 



) NO 
_ I 



L 


1 -AZZZZ 


SETAZ+ 


L 


( M >11-16 ~< SC > 


EMCTL+ 


L 


- CB1TF 


EMCTL- 



YES 



ENTER T4 



RPTT2- 



T4 



o -00 

(P)-(Y) 
SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



ARS 

1 + rv/2 CYCLES 

OP CODE 0405N 



NOTE: MISSING SIGNALS CAN BE 

FOUND IN ARS ENTRY ANALYSIS 



Signal 



SHASC+ 



CB1TF 

MFG2E- 
CLATR- 

SRATS+ 

D0ODJ+ 
D00FF+ 
R01PA+ 
G01DJ- 



Origin Cyc Tim 



120-P7 



124-P1 

122-D 12 
122-K8 

122-P12 

130-D1 
130-K8 
101 -D7 
101 -C5 



3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jUs): 1.6 + 0.8n 



Clk 



Signal Component 



Origin 



Destination 



Common Entry (See Common Entry for Shift Instructions, Page 2-46) 



TL2 



TL2 

Tl_2 
TL2 

TL2 

TL2 
Tl_2 
TL2 
TL2 



(SHAOP+)(SCZRO-) 



(SH ASC+) (M07 F F- ) (M08F F+) 
(TL2FF+)(D16FF+)(MCSET+) 

(SHASC+)(M07FF-)(TL2FF+) 

(SHASC+)(TL2FF+) (M07FF- ) 
(MCRST+) 

(SHASC+)(TL2FF+){M07FF-) 
(MCSET+) 

(M10FF+HD00FF+) 

(ESDTS+)(R01PA+)(G01DJ-) 

(H01DJ-) 

(EASTL+MA01FF+) 



120-L7 



124-D4 



-C12 
-C11/ 



122 
122 

J8 
122-C12/ 

J12 
122 
130 
101 
101 



-A1 
-F6 
-C7 
-A4 



122-D11/D12 
124-D1/D3/D5 

124-P2 

124-G1 
101-1 16-L6 

101-116-J6 

101-J6 
130-F6 
101 -D7 
101-C5 



Common Exit (See Common Exit for Shift Instructions, Page 2-59) 



Operation 



Shift A register and 
shift counter not equal 
to ZERO 

Set D16 into CB1TF 

Clear CB1TF 
Clear A register 

Shift right A register 

Maintain sign bit 
Extension of D register 
Adder network OR gate 
Adder network OR gate 



2-50 



T2 



T2&T3 
(TLATE) 



T3 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



No. of shifts 



FCYEF+ (SEE NOTE 1) 



Instruction: Logical Left Shift (LGL) 
OPCode: 0414N 



Type: SH. 1 + n/2 cycles 

n = no. of shifts 






1 














1 


1 








N 


N 


N 


N 


N 


N 



Description: 



DEVELOP START MEMORY LEVEL 

- (M>, Ts - (D) 

(P) + 1 - ADDER, - (F) 

ADDER -. (D) 



[c> — H A 



16 



MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 



4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jus): 1 .6 + 0.8n 



-(P) 

0>) -(p) 



lYlfYtfWlF- 

CLPTR- 
EDPTS+ 



D, - CB1TF 

... (A) 

P>2-16 *Wl-15 

- (A) 16 



SHASC+ 
CLATR- 
SLATS+ 
D17DJ- 



(SC) + 1 - (SC) 



INCSC+ 



(A) -. ADDER 



EASTL+ 

(SEE NOTE 2} 



1 '* .— " C»r Ts - (E) 

ADDER - (D) 



C 



CLDTR-, CLETR- 

ESDTS+ 

EBETS+ 



AZZZZ = 



c 



"> 



YES 



REPEAT T2 
1 



NO 



SC = 



^ NO 



YES 



L 


1 -AZZZZ 


L 


< M > 11-16 -( SC ) 


L 


- CB1TF 



SETAZ+ 
EMCTL+ 
EMCTL- 



RPTT24 



ENTER T4 



RPTT2- 



-00 
(P)-(Y) 
SET F-CYCLE ENTRY F-F 



1 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



LGL 

1 + rv/2 CYCLES 

OP CODE 0414N 



NOTES: 1. THIS INSTRUCTION IDENTICAL 
TO ALR EXCEPT FOR STATE OF 
D17DJ 



2. MISSING SIGNALS CAN BE 

FOUND IN LGL ENTRY ANALYSIS 



Signal 



SHASC+ 

CB1TF 

CLATR- 

D17DJ- 
SLATS+ 



Origin Cyc Tim 



120-P7 

124-P1 

122-K8 

130-G4 
122-P11 



Clk 



Signal Component 



Origin 



Destination 



Common Entry (See Common Entry for Shift Instructions, Page 2-46) 



TL2 

TL2 

TL2 

TL2 
TL2 



(SHAOP+HSCZRO-1 



(SHASC+) (TL2FF+) (M07FF+) 
(M10FF-)(D01FF+){MCSET+) 

{SHASC+HTL2FF+MMG7FF+} 
(MCRST+) 

(M08FF+) 

(SHASC+)(TL2FF+)(M07FF+) 
(MCSET+) 



120-L7 



124-D3 

122-C11/ 

J8 

130-C3 
122-C11/ 

J11 



122-D11/D12 
124-D1/D3/D5 

124-P2 

101-116-L6 

117-J5 
101-116-J5 



Common Exit (See Common Exit for Shift Instructions, Page 2-59) 



Operation 



Shift A register and 
shift counter not equal 
to ZERO 

Set D1 into CB1TF 

Clear A register 

Clear A register bit 16 
Shift left A register 



2-51 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



No. of shifts 



FCYEF+ 



Instruction: Logical Right Shift (LGR) 
OP Code: 0404N 



Type: Sh, 1 + n/2 cycles 

n = no. of shifts 



N 



N 



N 



N 



N 



N 



Description: 



DEVELOP START MEMORY LEVEL) 
- (M), ] 's - (D) 
(P) + 1 - ADDER, - (F) 
ADDER - (D) 



o— HT 



STROBE 
R 
S 



E 



MEMCI+ 

CLMTR-. CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 



|A]-(M) 

-(F) 

(D) ~(P) 



T2 



T2&T3 
(RATE) 



MMnnF 
CLPTR- 
EDPTS+ 



D ]6 - CBlfF 

-(A) 

< D >1-15 - < A >2-16 

- (A), 



SHASC+ 
CLATR- 
SRATS+ 
D00DJ- 



(SC) + 1 - (SC) 



1NCSC+ 



(A) - ADDER 



EASTL+ 
(SEE NOTE) 



l's - (D), l's - (E) 
ADDER - (D) 
(B) - (E) 



C 



CLDTR-, CLETR- 

ESDTS+ 

EBETS+ 



AZZZZ = 



T3 



C 



3 



Signal 



SHASC+ 

CB1TF 

CLATR- 

SRATS+ 

MFG2E- 
D00DJ- 



Origin 



REPEAT T2 



YES 



NO 



SC=0 



^ NO 



L 


1 - AZZZZ 


SETAZ+ 


L 
L 


(M),l-,6-< SC ) 
- CB1TF 


EMCTL+ 
EMCTL- 



YES 



RPTT24 



ENTER T4 



T4 



RPTT2- 



R 


~{Y) 


S 


(P)-(Y) 


L 


SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUaiON 
- FETCH CYCLE 



LGR 

1 + r/2 CYCLES 

OP CODE 0404N 



NOTES: 



1. THIS INSTRUCTION IDENTICAL 
TO ARR EXCEPT FOR STATE OF 
D00DJ 



2. MISSING SIGNALS CAN BE 

FOUND IN LGR ENTRY ANALYSIS 



120-P7 

124-P1 

122-K8 

122-P12 

122-D 12 
130-D1 



Jg— [cp 



5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jUs): 1.6 + 0.8n 



Cyc 



Tim 



Clk 



Signal Component 



Origin 



Destination 



Common Entry (See Common Entry for Shift Instructions, Page 2-46) 



TL2 

TL2 

TL2 

TL2 

TL2 
TL2 



(SHAOP+MSCZRO-) 



(SMAbC+J (MUZ S- !— J ( MUSr- h+} 
(TL2FF+MD 1 6FF+) (MCSET+) 

(SHASC+)(M07FF-)(TL2FF+) 
(MCRST+) 

(SHASC+MTL2FF+MM07FF-) 
(MCSET+) 

{SHASC+)(TL2FF+)(M07FF-) 

(M10FF-)(M08FF+) 



120-L7 



1 24 — L)4 

122-C11/ 

J8 
122-C12/ 

J12 

122-C12 
130-A2 



122-D11/D12 
124-D1/D3/D5 

124-P2 

101-1 16-L6 

101-1 16-J6 

124-G1 
101-J6 



Common Exit (See Common Exit for Shift Instructions, Page 2-59) 



Operation 



Shift A register and 
shift counter not equal 
to ZERO 

Set D16 into C81TF 

Clear A register 

Shift right A register 

Clear CB1TF 
Clear A register bit 1 



2-52 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



No. of shifts 



FCYEF+ 



Instruction: Long Left Logical Shift (LLL) 



-(M), 1'$ .(D) 
(P) + J - ADDER, - (F) 
ADDER . (D) 



STROBE 
R 
S 



CLMTR-, CLDTR- 
EPSLL+, EIK17-, ant- 
ESDTS+ 



OPCode: 0410N 
Description: 



Type: SH, 1 + n/2 cycles 

n = no. of shifts 






1 












I 1 











N 


N 


N 


N 


N 


N 



[EA]-(M) 

0-(P) 

(P3 -(F) 



T2 



T2&T3 
(TLATE) 



MMnnF- 

CLPTR- 

EDPTS+ 



Signal 



L 

R 

L,S 

L,S 

L 



D, -CB1TF 
- (A), - (B) 

E, - A ]6/ (D) 2 _, 6 . (A),.^ 



Eo - B„ (E) 



3-16 



- <% 



15 



-B 



16 



SHASC+ 

CLATR-, CLBTR- 
D17DJ+, SLATS+ 
EOCDJ+, SLBTS+ 
EODDJ- 



(SC) + 1 - (SC) 



INCSC+ 



(A) . ADDER 



EASTL+ 
(SEE NOTE) 



l's-(D), l't *(E) 
ADDER - (D) 
(B) «(E) 



C 



CLDTR-, CLETR- 

ESDTS+ 

EBETS+ 



AZZZZ = 



> 



YES 



REPEAT T2 



T3 



NO 



C 



sc = o 



L 
L 


1 -AZZZZ 
(M) n . 16 -(SC) 
• CB1TF 


SETAZ+ 
EMCTL+ 


L 


EMCTL- 


1 





RPTT* 

















! 




' 


YES 








L 


ENTER T4 


RPTT2- 


















' 


' 


CLYTR- 
EPYTS+ 
MEMC1+ 
FCYEF+ 




T4 


R 
S 
L 
L 


.(Y) 
(P)-(Y) 
DEVELOP START MEMORY LEVEL 
SET F-CYCLE ENTRY F-F 




















i 


' 









NEXT INSTRUCTION 
FETCH CYCLE 



LLL 

1 + n/2 CYCLES 

OP CODE 041 ON 



NOTES: 



1. THIS INSTRUCTION IDENTICAL 
TO LLR EXCEPT FOR 
STATE OF EODDJ 



2. MISSING SIGNALS CAN BE 

FOUND IN LLL ENTRY ANALYSIS 



SHASC+ 

C81TF 

CLATR- 

CLBTR- 

D17DJ+ 

SLATS+ 
E0CDJ+ 
SLBTS+ 

E0DDJ+ 



SH 



16 



B 16 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time {fish 1.6 + 0.8n 



Origin 



120-P7 

124-P1 

122-K8 

123-M6 

130-G4 

122-P11 
130-E8 
123-P4 

130-D12 



Cyc 



Tim 



Clk 



Signal Component 



Origin 



Destination 



Common Entry (See Common Entry for Shift Instructions, Page 
TL2 L (SHAOP+HSCZRO-) 120-L7 



TL2 

TL2 

TL2 

TL2 

TL2 
TL2 
TL2 

TL2 



(SHASC+) (TL2FF+) (M07F F+) 

(M10FF-HD01 FF+KMCSET+) 
(SHASC+)(TL2FF+)(M07FF+) 

(MCRST+) 
(SHASC+) (TL2FF+) (M07FF+) 

(M08FF-)(MCRST+) 
(ACYLF-MM08FF-HM10FF-} 

(E01FF+) 

(SHASC+)(TL2FF+)(M07FF+) 
(E02FF+) 
(SHASC+)(TL2FF+)(M07FF+) 

(M08FF-HMCSET+) 
(M09FF+HD01FF+) 



124-D3/ 

K2 
122-C12 

123-F4/ 

L6 
130-C4 

122-C11 

130-E8 

123-F4/ 

L4 
130-A12 



2-46) 

122-D11/D12 
123— F4 
124-D1/D3 
124-P2 

101-116-L6 

101-116-L2 

116-J5 

101-1 16-J5 
101-J1 
101-1 16-J1 

116-^1 



Common Exit (See Common Exit for Shift Instructions, Page 2-59) 



Operation 



Shift A register and 
shift counter not equal 
to ZERO 

Set D1 into CB1TF 

Clear A register 

Clear B register 

Left shift end effect 

Shift left A register 
Set E2 into B1 
Shift left B register 

SetB16 



2-53 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



No. of shifts 



FCYEF+ 



Instruction: Long Left Rotate (LLR) 
OP Code: 0412N 



DEVELOP START MEMORY LEVEL 
~(M), l's - (D) 
(P) + 1 - ADDER, - (F) 
ADDER - (D) 



MEMCI+ 
CLMTR-, CLDTR- 

EPSLL+, EIK17-, CLFTL- 

ESDTS+ 



Description: 



Type: SH, 1 + n/2 cycles 
n = no. of shifts 






1 








Ijjl 1 





1 





N 


N 


N 


N 


N 


N 



STROBE 
R 
S 



£ 



[EA]~ (M) 

-0>) 

(D) «(P) 



T2 



T2 4T3 
(TLATE) 



MMnnF- 

CLPTR- 

EDPTS+ 





* 


L 

R 

L,S 

L,S 

L 


Dj-CBITF 
(0) - (A), (0) ~ (B) 
Ei - A ]6 , (D) 2 _, 6 -(A),_, 5 

E 2 - B l"' ^3-16-^2-15 
•D, ^B 16 



SHASC+ 

CLA'TR-, CLBTR- 
D17DJ+, SLATS+ 
E0CDJ+, SLBTS+ 
E0DDJ+ . 



(SC) + 1 - (SC) 



1NCSC+ 



(A) - ADDER 



EASTL+ 
(SEE NOTE) 



r $ -(D), l's -(E) 
ADDER - (D) 
(B) - (E) 



C 



CLDTR-, CLETR- 

ESDTS+ 

EBETS+ 



AZZZZ = 



T3 



C 



} 



REPEAT T2 RPTT2+ 



YES 



NO 



SC = 



> 



NO 



1 -AZZZZ 
(M) n _ 16 -(SC) 
- CB1TF 



SETAZ+ 
EMCTL+ 
EMCTL- 



YES 



ENTER T4 



T4 



RPTT2- 



-CO 
(P) ~ (Y) 
SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



LLR 

1 + n/2 CYCLES 

OP CODE 041 2N 



NOTES: 



1. THIS INSTRUCTION IDENTICAL 
TO LLL EXCEPT FOR STATE OF 
EODDJ 



2. MISSING SIGNALS CAN BE 

FOUND IN LLR ENTRY ANALYSIS 



Signal 



SHASC+ 

CB1TF 

CLATR- 

CLBTR- 

D17DJ+ 

SLATS+ 

E0CDJ+ 
SLBTS+ 

E0DDJ+ 



EWI 



"l6}» — |l B 16 



? 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (pis): 1.6 + 0.8n 



Origin Cyc Tim 



120-P7 

124-P1 

122-K8 

123-M6 

130-G4 

122-P11 

130-E8 
123-P4 

130-D12 



Clk 



Signal Component 



Origin 



Destination 



Common Entry (See Common Entry for Shift Instructions, Page 2-46) 



TL2 

TL2 

TL2 

TL2 

TL2 

TL2 

TL2 
TL2 

TL2 



(SHAOP+MSCZRO-) 



(SHASC+MTL2FF+) (M07FF+) 

(Ml0r-!~)(D0li-F+}{R3CSti+) 
(SHASC+HTL2FF+HM07FF+) 

(MCRST+) 
(SH ASC+) (TL2F F+) {M07F F+) 

(M08FF-){MCRST+) 
(ACYLF-KM08FF-HM10FF-) 

(E01FF+) 
(SHASC+)(TL2FF+)(M07FF+) 

(MCSET+) 
(E02FF+) 
(SHASC+) (TL2FF+) (M07FF+) 

(M08FF-MMCSET+) 
(SHAOP+)(M09FF+)(D01 FF+) 



120-L7 



124-D3/ 
K2 
122-C12 

123-F4/ 

L6 
130-C4 

122-C11 

130-E8 
123-F4/ 

L4 
130-A12 



122-D11/D12 
123-F4 
124-D1/D3 
124-P2 

101-116-L6 

101-116-L2 

116-J5 

101-116-J5 

101-J1 
101-1 16-J1 

116-J1 



Common Exit (See Common Exit for Shift Instructions, Page 2-59) 



Operation 



Shift A register and 
shift counter not equal 
to ZERO 

Set D1 into CB1TF 

Clear A register 

Clear B register 

Left shift end effect 

Shift left A register 

SetE2andB1 
Shift left B register 

SetD1 intoB16 



2-54 



ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



No. of shifts 



FCYEF+ 



Instruction: Long Arithmetic Left Shift { LLS) 
OP Code: 041 1N 



DEVELOP START MEMORY LEVEi 
0~(M), l's~(D) 
(P) + 1 - ADDER, - (F) 
ADDER _ (D) 



Description: 



MEMCH- 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 



Type: SH, 1 + n/2 cycles 

. . n = no. of shifts 

Jjiil Hj 



N N N N N N 



16 



B 16« — 



OVF -► (C) 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (lis)'. 1 .6 + G.3n 



-(P) 
(D) -0») 



T2 



T2&T3 
(TLATE) 



•VuVainr- 

CLPTR- 

EDPTS+ 



£ 



~ (A), 
E 2 ~ A ]6/ (D). 

E 1 - B 1. 



-» (B) 
-(A), 



; 2-15 



c 



2-16 - ™1-15 
^3-16 - W' 
~ B. 



16_ 



CLATR-, CLBTR- 
D17DJ+, SLATS+ 
E0CDJ+, SLBTS+ 
E0DDJ+ 



D ] = D 2 



} 



YES 



„NO 



1 - CB1TF 



SHASC+ 
(SEE NOTE) 



(SC) + 1 - (SC) 



INCSC+ 



(A) - ADDER 



EASTL+ 
(SEE NOTE) 



I's-p), l's ~(E) 
ADDER - (D) 
(B) - (E) 



C 



CLDTR-, CLETR- 

ESDTS+ 

EBETS+ 



AZZZZ = 



T3 



C 



} 



REPEAT T2 



YES 



NO 



SC = 



> 



NO 



1 - AZZZZ 

M„_ 16 -(so 

- CB1TF 



SETAZ+ 
EMCTL+ 
EMCTL- 



RPTT2 



YES 



ENTER T4 



T4 



RPTT2- 



Signal 



SHASC+ 

CLATR- 

CLBTR- 

D17DJ+ 
SLATS+ 

E0CDJ+ 
SLBTS+ 

EOODJ+ 
D1¥=D2 



Origin 



120-P7 

122-K8 

123-M6 

130-G4 
122-P11 

130-E8 
123-P4 

130-D12 
124-E7 



, (Y) 
<P)-(Y) 
SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUaiON 
FETCH CYaE 



LLS 

1 + n/2 CYCLES 

OP CODE 041 1 N 



NOTE: MISSING SIGNALS CAN BE 

FOUND IN LLS ENTRY ANALYSIS 



Cyc 



Tim 



Clk 



Signal Component 



Origin 



Destination 



Common Entry {See Common Entry for Shift Instructions, Page; 2-46) 



TL2 

TL2 

TL2 

TL2 
TL2 

TL2 
TL2 

TL2 
TL2 



R 

R 

L 
S 

B_ 
S 

fl_ 

L 



(SHAOP+HSCZRO-) 



(SHASC+) (TL2F F+) (M07 FF+) 

(MCRST+) 
(SHASC+)(TL2FF+) (M07FF+) 

{M08FF-)0ACRST+) 
(M08FF-}|iriOFF+)(E02FF+) 
(SHASC+H11-2FF+) (M07FF+) 

{MCSET*} 
(ACYLF-|»fl 1 0F F+) (E01FF- ) 
(SHASC4MTL2FF+) (M07FF+) 

(M08FF-1KMCSET+) 
(M09FF<fl|D01FF+) 
See inputeto gate CB1TF 



120-L7 



122-C12 

123-F4/ 

L6 
130-C5 

122-cn 

130-C8 
123-F4/ 

L4 
130-A12 
12«-€7 



122-D11/D12 
123-F4 
124-C1/D3 
101-116-L6 

101-116-L2 

116-J5 
108-1 16-J5 

KB1-J1 
IHJ1-116-J1 

116-J1 
T24-P2 



Common Exit (See Common Exit forShift lnstruction^ff^ge22- t 59) 



Operation 



Shift A register and 
shift counter not equal 
to ZERO 

Clear A register 

Clear B register 

Left shift end effect 
Shift left A register 

SetEl intoBI 
Shift left B register 

Set CB1TF with SHASC+ 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ (SEE NOTE 1) 














" 




Tl 


L 
R 

L 

S 


DEVELOP START MEMORY LEVEL 
- (M), l's - (D) 
(P) + 1 - ADDER, - (F) 
ADDER - (D) 


MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 



No. of shifts 



Instruction: Long Right Logical Shift (LRL) 
OPCode: 0400N 



Type: SH, 1 + n/2 cycles 

n = no. of shifts 





















r 










■\ 





1 


$&-& 


;?:->.kSb»^. 
















N 


N 


N 


N 


N 


N 



Description: 



STROBE 
R 
S 



£ 



[EA]-(M) 

~(P) 

<P) -(P) 



T2&T3 
(TLATE) 



MMnnF- 

CLPTR- 

EDPTS+ 



L 

R 

L,S 

L,S 



"16 
~ (A), 

-A,, (D) 

D 16 ~B„ (E) 



E,, -CB1TF 



- (B) 



'1-15 



- (A) 



1-15 



- (B), 



2-16 

2-16 



SHASC+ 

CLATR-, CLBTR- 
D00DJ-, SRATS+ 
E0ADJ+, SRBTS+ 



(SC) + 1 - (SC) 



1NCSC+ 



(A) - ADDER 



EASTL+ 

(SEE NOTE 2) 



l's -(D), l's -(E) 
ADDER - (D) 
(B) - (E) 



c 



CLDTR-, CLETR- 

ESDTS+ 

EBETS+ 



AZZZZ = 



T3 



C 



"> 



YES 



L REPEAT T2 RPTT2+ 

— x — 



NO 



SC = 



) NO 
1 



L 


1 -AZZZZ 


L 
L 


(M)„. 16 -(SC) 
- CB1TF 



SETAZ+ 
EMCTL+ 
EMCTL- 



YES 



ENTER T4 



T4 



RPTT2- 



-(Y) 
(P)-(Y) 
SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



LRL 

1 + r>/2 CYCLES 

OP CODE (MOON 



NOTES: 



1. THIS INSTRUCTION IDENTICAL 
TO LRR EXCEPT FOR STATE OF 
DOODJ 



2. MISSING SIGNALS CAN BE 
BE FOUND IN LRL ENTRY 
ANALYSIS 



Signal 



SHASO 

CB1TF 

MFG2E- 
CLATR- 

CLBTR- 

D00OJ- 

SRATS+ 

EOADJ+ 
SRBTS+ 



0-* j 1 A IJHl B 16[ -4c| 
Origin Cyc Tim Clk 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jus): 1 .6 + 0.8n 



120-P7 

124-P1 

122-D 12 
122-K8 

123-M6 

130-D1 

122-P12 

130-E10 
123-P8 



Signal Component 



Origin 



Destination 



Common Entry (See Common Entry for Shift instructions. Page 2-46) 



TL2 

TL2 

TL2 
TL2 

TL2 

TL2 

TL2 

TL2 
TL2 



(SHAOP+HSCZRO-) 



(TL2FF+)(SHASC+)(M07FF-) 
(M08FF-)(E16FF+HMC3ET+) 

(SHASC+)(TL2FF+)(M07FF-) 

(SHASC+)(TL2FF+)(M07FF-) 
(MCRST+) 

(SHASC+) (TL2FF+) (M07FF-) 
(M08FF-)(MCRST+) 

(M10FF-HM09FF-) 

(SHASC+)(TL2FF+)(M07FF-) 

(MCSET) 
(M10FF-)D16FF-) 
(SHASC+)(TL2FF+)(M07FF-) 

(M08FF-HMCSET+) 



120-L7 



124-D5 

122-C12 
122-C11/ 

J8 
123-F6/ 

L6 
130-A2 

122-C12 

130-C11 
123-F6/ 
L8 



122-D11/D12 
123-E4 
124-D1/D3 
124-P2 

124-G1 
101-1 16-L6 

101-116-L2 

101-J6 

101-1 16-J6 

101-J2 
101-116-J2 



Common Exit (See Common Exit for Shift Instructions, Page 2-59) 



Operation 



Shift A register and 
shift counter not equal 
to ZERO 

Set E 16 into CB1TF 

Clear CB1TF 
Clear A register 

Clear B register 

Clear A register bit 1 
with SRATS+ 
Shift right A register 

Set D16 into B1 
Shift right B register 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



Tl 



T2 



T2&T3 
(TLATE) 



T3 



T4 



No. of shifts 



FCYEF+ 



Instruction: Long Right Rotate (LRR) 
OP Code: 0402N 



DEVELOP START MEMORY LEVEL 
- (M), l's - (D) 
(P)+l -ADDER, 0- (F) 
ADDER - (D) 



MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, aFTL- 
ESDTS+ 



Description: I ■ j^ 

*- Hi a lei — Hi 



STROBE 

R 

- S 



[EA]~ (M) 

-(P) 

(D) - (P) 



MMrmF- 

CLPTR- 

EDPTS+ 



L 

R 

L,S 



E 16 -CB1TF 
-. (A), - (B) 

E 16 rA,, <P),_ 15 ~< A ) 2 -16 
D 16 ~V ^1-15 ~< B) 2-16 



SHASC+ 

CLATR-, CLBTR- 
D00DJ+,, SRATS+ 
E0ADJ+, SRBTS+ 



(SC) + 1 -(SC) 



INCSC+ 



(A) - ADDER 



EASTL+ 
(SEE NOTE) 



l's^p), l's -(E) 
ADDER - (D) 
(B) - (E) 



C 



CLDTR-, CLETR- 

ESDTS+ 

EBETS+ 



AZZZZ = 



C 



"> 



YES 



L REPEAT T2 RPTT2 

— I 



NO 



SC = 



)NO 
_ ~ 1 



L 


1 -AZZZZ 


L 
L 


(M) n _ 16 -(SC) 
- CB1TF 



SETAZ+ 
EMCTL+ 
EMCTL- 



YES 



ENTER T4 



RPTT2- 



0-00 
(P)-(Y) 
SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



ERR--- ■■■.- 

krjy*Z£YCLES 

13IM33BE-0402N 



NOTES: 1. THIS INSTRUCTION IDENTICAL 
TO LRL EXCEPT FOR STATE OF 
D0ODJ 



2. MISSING SIGNALS CAN BE 

FOUND IN LRR ENTRY ANALYSIS 



Signal 



SHASC+ 

CB1TF 

CLATR- 

CLBTR- 

D00DJ+ 

SRATS+ 

MFG2E- 
E0ADJ+ 
SRBTS+ 



Type: SH, 1 + n/2 cycles 

n = no. of shifts 



ieU*[cj 






1 


















1 





N 


N 


N 


N 


N 


N 















1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jus): 1=6 + 0.8n 



Origin 



120-P7 

124-P1 

122-K8 

123-M6 

130-D1 

122-P12 

122-D 12 
130-E10 
123-P8 



Cyc 



Tim 



CHc 



Signal Component 



Origin 



Destination 



Common Entry (See Common Entry for Shift Instructions, Page 2-46) 



TL2 

TL2 

TL2 

TL2 

TL2 

TL2 

TL2 
TL2 
TL2 



(SHAOP+){SCZRO-) 



(TL2FF+MSHASC+HM07FF-) 

(M08FF-)(E16FF-)(MCSET+) 
(SHASC+)(TL2FF+)(M07FF-) 

(MCRST+) 
(SHASC+) (TL2FF+) (M07FF- ) 

(M08FF-HMCRST+) 
(SHAOP+)(M08FF-)(M09FF+) 

(E16FF+) 
(SHASC+)(TL2FF+)(M07FF-) 

(MCSET+) 
(SHASC+) (TL2F F+) (M07 F F- ) 
(M10FF-)(D16FF-) 
(SHASC+)(TL2FF+)(M07FF-) 

(M08FF-)(MCSET+) 



120-L7 

124-D5 

122-C11/ 

J8 
123-F6/ 

L6 
130-A3 

122-C12 

122-C12 
130-C11 
123-F6/ 
L8 



122-D11/D12 
123-E4 
124-D1/D3 
124-P2 

101-116-L6 

101-116-L2 

101-J6 

101-1 16-J6 

124-G1 
101 -J2 
101-116-J2 



Common Exit (See Common Exit for Shift Instructions, Page 2-59) 



Operation 



Shift A register and 
shift counter not equal 
to ZERO 

Set E16intoCB1TF 

Clear A register 

Clear B register 

Set E16intoA1 with 

SRATS+ 
Shift right A register 

Clear CB1TF 
SetD16intoB1 
Shift right B register 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 














< r 




Tl 


L 
R 
L 
S 


DEVELOP START MEMORY LEVEL 
-. (M), l's - (D) 
(P) + 1 - ADDER, - (F) 
ADDER ~ <D) 


MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 



No. of shifts 



STROBE 
R 
S 



r 



[EA]~(M) 

~(P) 

(D) -(?) 



T2&T3 
(TLATE) 



MMnnF- 

CLPTR- 

EDPTS+ 



S 

R 

L, S 

L, 5 

L 



J_ 



L 16 
- (A), 



E lt -CB1TF 

0-(B) 
A, - D00 ~ A,, (D),_ 15 ~ (A) 2 _ |6 

' E 1~ B 1' ^2-15 ' ^3-16 



SHASC+ 

CLATR-, CLBTR- 
DQODJ+, SRATS+ 
E0ADJ+, SRBTS+ 
E0BDJ+ 



(SC) + 1 - (SC) 



INCSC+ 



(A) - ADDER 



EASTL+ 
{SEE NOTE) 



l's -(D), 1' S -(E) 
ADDER - (D) 
(B) - (E) 



C 



CLDTR-, CLETR- 

ESDTS+ 

EBETS+ 



AZZZ2 = 



T3 



C 



"} 



L REPEAT T2 RPTT2+ 



YES 



NO 



SC = 



A NO 



1 -AZZZZ 

( M )n-i6* (sc) 

- CB1TF 



SETAZ+ 
EMCTL+ 
EMCTL- 



YES 



ENTER T4 



TV 



RPTT2- 



0-00 
(P) ~ (Y) 
SET F-CYCLE ENTRY F-F 



CLYTR- 
EPYTS+ 
FCYEF+ 



NEXT INSTRUCTION 
FETCH CYCLE 



LRS 

1 + n/2 CYCLES 

OP CODE 0401 N 



NOTE: MISSING SIGNALS CAN BE 

FOUND IN LRS ENTRY ANALYSIS 



Instruction: Long Arithmetic Right Shift (LRS) 
OPCode: 0401N 



Type: SH, 1 + n/2 cycles 

n = no. of shifts 

























f 










■ 





1 



















1 


N 


N 


N 


N 


N 


N 



Description: 



Signal 



SHASC+ 



CB1TF 

CLATR- 

CLBTR- 

D00DJ+ 
D00FF+ 
R01PA+ 
G01DJ- 
SRATS+ 

MFG2E- 
E0ADJ+ 
E0BDJ+ 
SRBTS+ 



Ua3-1> |2 A 16{ -1 JB^[l |2 B 16| -4c] 



4 5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time (jus): 1 .6 + 0.8n 



Origin Cyc Tim 



120-P7 

124-P1 

122-K8 

123-M6 

130-D1 
130-K8 
101 -D7 
101 -C5 
122-P12 

122-D12 
130-E10 
130-H1 
123-P8 



Clk 



Signal Component 



Origin 



Destination 



Common Entry (See Common Entry for Shift Instructions, Page 2-46) 



TL2 

TL2 

TL2 

TL2 

TL2 
TL2 
TL2 
TL2 
TL2 

TL2 
TL2 
TL2 
TL2 



(SHAOP+KSCZRO-) 



(TL2FF+) (SHASC+) {M07 FF- ) 

WUiit- r~ ) (fc 1 b> M-) jMCbh 1 +} 
(SHASC+)(TL2FF+)(M07FF-) 

(MCRST+) 
(SHASC+){TL2FF+)(M07FF-) 

(M08FF-)(MCRST+) 
(M10FF+MDO0FF+) 
(ESDTS+) ( R01 PA+) {G01 DJ- ) 
(HOLDJ-) 
(EASTL+MA01FF+) 
(SHASC+){TL2FF+)(M07FF-) 

(MCSET+) 
(SHASC+KTL2FF+MM07FF-) 
(M10FF+HE01FF-) 
(M10FF+HD16FF-) 
(SHASC+){TL2FF+)(M07FF-) 

(M08FF-)(MCSET+) 



120-L7 



124-D5 

122-C11/ 

J8 
123-F6/ 

L6 
130-A1 
130-F6 
101-C7 
101-A4 
122-C12/ 

J12 

122-C12 
130-C11 
130-F1 
123-F6/ 

L8 



122-D11/D12 
123-E4 
124-D1/D3 
124-P2 

101-1 16-L6 

101-116-L2 

101-J6 
130-A1 
101 -D7 
101-C5 
101-116-J6 

124-G1 
101-J2 
102-J2 
101-116-J2 



Operation 



Shift A register and 
shift counter not equal 
to ZERO 

SetE16intoCB1TF 

Clear A register 

Clear B register 

Maintain sign bit 
Extension of D register 
Adder network OR gate 
Adder network OR gate 
Shift right A register 

Clear CB1TF 
Set E1 into B1 
Set D16 into B2 
Shift right B register 
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Common shift instruction exit 
Instruction: 



Signal 



INCSC+ 
CLYTR- 

EPYTS+ 

MEMCI+ 

COXXX+ 



Origin 



126-P5 
129-P3 

129-P4 

126-K12 

150-D2 



Cyc 



Tim 



TL2 
TL4 

TL4 

TL1 

TL1 



Clk 



Signal Component 



(FCYEF+HTL2FF+)* 
(ACYNX-)(TL4FF+)(MCRST+) 

(PiSEX-)(EOiNS+}(OPGJS-) 

(TL1FF+HSPMOD-) (IGACY+) 

(MEMCI+HMBSYX-) 



* Repeat T3 and T2 as required and enter T4. 
See Page 2-46 for Common Shift Instruction Entry. 



Origin 



126-L5 
129-H3/ 
N3 
12S-D4 

126-F12/ 
J12 
150-A2 



Destination 



121-A4 
101-116-N12 

101— 116— L10 

150-A2 

150-D2 



Operation 



Increment shift counter 
Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 



TABLE 2-1. 
GENERATING OPGJS+ FOR SPECIFIC SKIP INSTRUCTIONS 



Instruction 


Op Code 


Conditions for SKGRP+ 


Origin 


Skip If C Set (SSC) 


101001 


(CB1TF+)(M16FF+)(MEMAC-) 
(SKviKP+)(M07rf-+) 


129-A10/H10 


Skip If C reset (SRC) 


100001 


[(CB1TF+)(M16FF+)]-(MEMAC-) 
(SKGRP+MM07FF-) 


129-A10/H11 


Skip If Ai 6 = 1 (SLN) 


101100 


(A16FF+)(M10FF+)(MEMAC-) 
(SKGRP+KMG7FF+) 


129-A4/H10 


Skip If Ai e =0(SLZ) 


100100 


[(A16FF+)(M10FF+)]-(MEMAC-) 


129-A4/H11 


v 




(M07FF-) 




Skip If A Minus (SMI) 


101400 


(A01FF+MM08FF+HMEMAC-) 
(SKGRP+HM07FF+) 


129-A12/H10 


Skip If A Plus (SPL) 


100400 


[(A01FF+)(M08FF+)]-(MEMAC-) 
(M07FF-) 


129-A12/H11 


Skip If A Not Zero 


101040 


(AZERCHiM 1 1 FF+HMEMAC4 


129-B9/H10 


(SNZ) 




(SKGRP+HM07FF+) 




Skip If A Zero (SZE) 


100040 


[(AZERO-MM11FF+)] -(MEM AC-) 
(M07FF-) 


129-B9/H11 


Skip If Sense Switch 


101020 


(SENS1+MM12FF+HMEMAC-) 


129-B5/H10 


1 isSet(SSI) 




(SKGRP+KM07FF+) 




Skip If Sense Switch 


100020 


[(SENS1+)(M12FF+)]-(MEMAC-) 


129-B5/H11 


1 is Reset (SR1) 




M07FF-) 




Skip If Sense Switch 


101010 


(SENS2+MM13FF+HMEMAC-) • 


129-B6/H10 


2 is Set (SS2) 




(SKGRP+HM07FF+) 




Skip If Sense Switch 


100010 


[(SENS2+)(M13FF+)]-(MEMAC-) 


129-B6/H11 


2 is Reset (SR2) 




(M07FF-) 




Skip If Sense Switch 


101004 


(SENS3+MM14FF+HMEMAC-) 


129-B7/H10 


3 is Set (SS3) 




(SKGRP+HM07FF+) 




Skip If Sense Switch 


100004 


[(SENS3+)(M14FF+)]-(MEMAC-) 


129-B7/H11 


3 is Reset (SR3) 




(M07FF-) 




Skip If Sense Switch 


101002 


(SENS4+)(M15FF+)(MEMAC-) 


129-B8/H10 


4 is Set (SS4) 




(SKGRP+)(M07FF+) 




Skip If Sense Switch 


100002 


[(SENS4+)(M15FF+)]-(MEMAC-) 


129-B8/H11 


4 is Reset (SR4) 




(M07FF-) 




Skip If Any Sense 


101036 


(SENS1+)(M12FF+)V(SENS2+) 


129-B6/B7/B8/ 


Switch Set (SSS) 




(M13FF+) V(SENS3+)(M14FF+) 

V(SENS4+j(M15FF+)A(MEMAC-) 

(SKGRP+)(M07FF+) 


H10 


Skip If Any Sense 


100036 


[(SENS1+)(M12FF+)V(SENS2+) 


129-B6/B7/B8/ 


Switch Reset (SSR) 




(M13FF+)V(SENS3+)-(M14FF+) 

V(SENS4+)(M15FF+)]A(MEMAC-) 

(SKGRP+HM07FF-) 


H11 


Unconditional Skip 


100000 


(M08FF-) through (M16FF-) 


129- A3 through 


(SKP) 




(MEMAC-) (SKGRP+) (M07FF-) 


A11/H11 


Skip If Memory 


101200 


(MPEFF-) (M09FF+) (MEMAC-) 


129-A1/A2/H10 


Parity Error (SPS) 




(SKGRP+) (M07FF+) 




Skip If No Memory 


100200 


(MPEFF-) (M09FF+) (MEMAC-) 


129-A1/A2/H11 


Parity Error (SPN) 




(SKGRP+) (M07FF-) 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 


FCYEF+ 






-<f 




Tl 


L 
R 
L 
S 


DEVELOP START MEMORY LEVEL 
— (M), Ts— (D) 
(P) + 1 -LADDER, 0— -(F) 
ADDER— (D) 


MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 



E 





STROBE 


[EA]-— (M) 


MMnnF- 




T2 


R 


0— (P) 


CLPTR- 






S 


(D)-^(P) 


EDPTS+ 














- 


' 


' 






T3 










S 


i 


f 


SEXTF+* 






ENABLE EXTENDED MODE 






S 


DISABLE EXTENDED MODE 


SEXTF-** 




T4 


R 


0— (Y) 


CLYTR- 






S 


(P)— (Y) 


EPYTS+ 






S 


SET F-CYCLE 


ENTRY F-F 


FCYEF+ 








1 


' 







NEXT INSTRUCTION 
FETCH CYCLE 



*APPLICABLE ONLY FOR EXA INSTRUCTION 
WHEN COMPUTER IS EQUIPPED WITH 
MEMORY EXPANSION OPTION 

"♦APPLICABLE ONLY FOR DXA INSTRUCTION 
WHEN COMPUTER IS EQUIPPED WITH 
MEMORY EXPANSION OPTION 



EXA/DXA 

1 CYCLE 

OP CODES 000013/00001 1 



Instruction: Enable Extended Addressing (EXA) 
Disable Extended Addressing (DXA) 

Op Code: 000013 (EXA) T _ , , 

000011 (DXA) TypeG,1 cycle 

Description: EXA places computer in extend mode. 

DXA restores computer to normal mode. 



10 1 































1 








1 



4 5 6 7 8 9 
Execution Time (ms): 1.6 



10 11 12 13 14 15 16 



Signal 


Origin 


Cyc 


Time 


Clk 


Signal Component 


Origin 


Destination 


Operation Description 


EPSLL+ 


128-K4 


F 


TLATE- 


L 


(FCYEF+MTLATE-) 


128-G3 


101-1 16-A9 


Enable P-register to adder 


EIK17- 


127-D5 


F 


TLATE- 


L 


(TLATE+) 


127-K6 


116-F7-F9 


Force carry to adder 


CLFTL— 


125-K8 


r- 


TL1 


L 


(iCYEF— h'ACYEF— ) 
(TL1FF+) 


125-A6 


120-Al 
121 -A5 
125-D8 


Ciear F-register 
Clear shift counter 
Clear AZZZZ flip-flop 


CLMTR- 


128-D9 


F 


TL1 


R 


{MCRST+MHOLDM-} 
(TL1FF+) 


128-P9 


101-1 16-L9 


Clear M-register 


CLDTR- 


125-K5 


F 


TL1 


R 


(ICYEF-)(ACYEF+) 
(TL1FF+}{MCRST+) 


125-A6 


101-116-F11 


Clear D-register to 
ONEs 


ESDTS+ 


125-M4 


F 


TL1 


S 


UCYEF-HACYEF+) 


125-A5 


101-1 16-F5/ 


Enable adder sum to 












(TL1FF+)(MCSET+) 




F9 


D-register 


MMnnF— 


142 








(SWnn±)(STRB-) 


80.04 


101-116-H8 


Memory data set into 
M-register 


CLPTR- 


129-M10 


F 


TL2 


R 


(FCYEF+)(TL2FF+) 
(SCZRO)(MEMAC-) 
(MCRST+) 


129-E7/ 
L10 


101-116-L12 


Clear P-register 


EDPTS+ 


129-P9 


F 


TL2 


S 


CFCYEF+HTL2FF+) 
(SCZR0+)(MEMAC-) 
(MCSET+) 


129-E7/ 
L10 


101-1 16-J11 


Enable D-register to 
P-register 


SEXTF+* 


136-G2 


F 


TL4 


S 


(GEN0B+){TL4FF+) 
(M13FF+MM15FF+) 
(MCSET+) 


136-B3/ 
D4 


136-H2 
136-M2 


Enable set EXTMD flip- 
flop at next TL1 

Enable set PMIND flip- 
flop 


SEXTF-** 


136-G2 


F 


TL4 


S 


(GEN0B+)(TL4FF+) 
(M13FF+){M15FF+) 
(MCSET+) 


136-B3/ 
D4 


136-H2 
136-M2 


Enable reset EXTMD 
flip-flop when next 
JMP is executed 

Enable reset PMIND 
flip-flop 


CLYTR- 


129-P3 


F 


TL4 


R 


(SCZR0+HTL4FF+) 
(MCRST+) 


129-E2 


101-1 16-N12 


Clear Y-register 


EPYTS+ 


129-P4 


F 


TL4 


S 


(PISEX-)(EOINS+) 
(TL4FF+)(OPGJS-) 
(MCSET+) 


129-E4 


101-1 16-K11 


Enable P-register to 
Y-register 


MEMC1+ 


126-K12 


F 


TL1 


L 


<TL1FF+MSPM0D-) 
(IGACY-) 


126-F12 


150-A2 


Enable start memory 
cycle 


COXXX+ 


150-D2 


F 


TL1 


L 


(MEMCI+)(MBSYX-) 


150-A2 


150-D2 


Start memory cycle 


'Applicable for EXA instruction only 












"Applicable for DXA instruction only 
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ENTER FROM PREVIOUS OPERATION 
(FETCH CYCLE ENTRY ENABLED) 



FCYEF+ 



r 





Tl 


R 
L 
S 


— (M), l's —(D) 
(P) + 1— ADDER, — -(F) 
ADDER— (D) 


MEMCI+ 

CLMTR-, CLDTR- 
EPSLL+, EIK17-, CLFTL- 
ESDTS+ 












T2 


STROBE 
R 
S 


* 








[EA] — (M) 

0— (P). 

(D)— (P) 


MMnnF- 

CLPTR- 

EDPTS+ 












T3 
T4 


S 
R 
S 
L 
S 


! 


' 










— 


i 


f 


, 




— MEM. PARITY INDICATOR 

— (Y) 

(P) — - (Y) 

DEVELOP START MEMORY LEVEL 

SET F-CYCLE ENTRY F-F 


RPEFF+ 

CLYTR- 

EPYTS+ 

MEMCI+ 

FCYEF+ 
















. 


f 





NEXT INSTRUCTION 
FETCH CYCLE 



RMP 

1 CYCLE 

OP CODE 000021 



Instruction: Reset Memory Parity Error (RMP) 
OP Code: 000021 Type: G, 1 cycle 

Description: Resets memory parity indicator 






5 6 7 8 9 10 11 12 13 14 15 16 
Execution Time ((is): 1.6 



Signal 



EPSLL+ 

EIK17- 
CLMTR- 

r*i r\rn 
'^LL! i CI— 

CLFTL 



ESDTS+ 
MMnn F- 
CLPTR- 
EDPTS+ 
RPEFF+ 

CLYTR- 
EPYTS+ 
MEMCI+ 
COXXX+ 



wngin 



128-K4 

127-P5 
128-P9 

JiiJ — IN.i» 

125-K8 



1 25— M4 

142 

129-M10 

129-P9 

133-E4 

129-P3 
129-P4 
126-K12 
150-D2 



wye 



TLATE 



TLATE 

TL1 

TL 1 

TL1 



TL2 
TL2 
TL4 

TL4 
TL4 
TL1 
TL1 



C!k 



Signal Component 



(FCYEF+MTLATE-) 

(TLATE-) 

(MCRST+)(HOLDM-)(TL1 FF+) 
(!CYEF-)(ACYEF-){TL1FF+) 

{ICYEF-)(ACYEF-)(TL1FF+) 



(SWnn±HSTRB-) 

{FCYEF+)(TL2FF+)(SCZRO+) 

(MEMAC-)(MCRST+) 
(FCYEF+)(TL2FF+)(SCZRO+) 

(MEMAC-){MCSET+) 
(GENOB+)(M12FF+)(TL4FF+) 

(MCSET+) 
tSCZRO+)(TL4FF+)(MCRST+) 

(PISEX-MEOINS+MTL4FF+) - 

(OPGJS-)(MCSET+) 
(TL1FF+)(SPMOD-; (IGACY+) 

(MCSET+HMEMCI+HMBSYX-) 



Orsgsn 



128-G3 

127-K6 
128-P9 
1 25— A6 

125-A6 



125-A6 
80.04 

129-E7/ 

L10 
129-E7/ 

L10 
133-D4 

129-E1/ 

H3 
129-D4 

126-F12/ 
J12 
150-A2 



Dsstinatk 



101-1 16-A9 

116-F7-F9 

101-116-L9 

101-116-F11 

120-A1 
121-A5 
125-D8 
101-1 16-F5- 

F9 
101-116-H8 

101-116-L12 

101-1 16-J11 

133-G4 

101-116-N12 
101-116-L10 
150-A2 
150-D2 



Operation 



Enable P register to 

adder 

Force carry to adder 
Clear M register 
Clear D register to 

ONEs 
Clear F register 
Clear shift counter 
Clear AZZZZFF 
Enable adder sum to 

D register 
Memory data set into 

M register 
Clear P register 

Enable D register to 

P register 
Reset memory parity 

error flip-flop 

Clear Y register 

Enable P register to 
Y register 
Enable memory cycle 

Start memory cycle 
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SECTION IV 
TYPE 316-0110 LOGIC BLOCK DIAGRAMS 



This section contains all logic block diagrams for the Type 316-01 10 central processor. These diagrams are 
tabulated in the contents at the front of this manual. 
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100 



-1 




A 
A 



A 
A 



A 



A 



I/O 




16 


CC-558 
CC-869 


MLOT-MP OR CC-621 IF MP ONLY 


15 


EXTENDED ADDRESS HUG 


14 


CC-369B 


LAMP DRIVER 


13 


CC-36 8 


SHIFT REG 


12 


CC-375 


H-S— A 


II 


C C-40 1 A 


H-S-A 


10 


CC-8S8 


MEMORY 


9 


CC-372C 


REG. CONT. 


e 


CC-367 


ADB 


7 


CC-366A 


COL. 9-12 


6 


CC-364A 


COL. 1-4 


5 


CC-37IB 


CLOCK 


4 


CC-370A 


M REG 


3 


CC-3S5A 


COL A-D 


2 


CC-365 A 


COL A-D 


1 


CC-374A 


ASR 



O Q 

or — 



NOTES; 

/\ 702 .'REALTIME CLOCK J-0012 CC-344 ^\ 704!ASR /j£\ 

AD. M C. CABLE LOCATIONS A - 

/6\ EXTENDED ADDRESSING OPTION 

^ PR.ORITY INTERRUPT CABLE LOCATION ^ MEM LOCKOUT AND MEM PARITY OPTION 

^ 703J HSA Jk A\ 708 REAL TIME CLOCK J-I200CC-S96 
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«f 



&27] EASTL+ SIS. 

CO* 

AOIFF+ v ^ a 



AGS 
EAOID- 
364 02 



[l2»] EXSTL+ 
XOI FF+ 



A06 ^\ 
^EXOID- )> 

H2±J3S 



c 



*o« 'N 
ooipa+ p— — 

36415/ 



[128] EPSLL+ ^2 1 
MOIFF- -62*13 




[127] EMSHL + j££ 
MOIFF- 



A06 *\ 
EMOID- )> 
36405/ 



[127] ENSHL+ 
MOIFF+ 



A06 "N 
ENOID- p— 11 
36406/ 



[128] EYSHL+ — 
TO IFF- r "" 



A06 
EYOI O- 
364 07 




A06 "X 
ROIPA+ |> 
364 16/ 



[I23JS0BRS+ 

[l30]SOBOI+ 



[123] SDARS+ 

[l30]OOOFF+ ^ 



[|22]ETAHS+ SJSJaOIET- \>£22, 
[|09]009FF+ ^364 25 ,/ 



IA06 X 

[|25]EIBTS+ ^JdOIEU- hr 
[142] ZNSOi- ^364 26/ 



[125] ESDTS+ == 
[102] H02DJ+ — 

[102] R02PA+ 

[127] JAMKN-B— 



[|25]ES0TS+ — 
[|02]M02PA- — 
[117] S02CA- — 



[125] ESOTS+ — 
[102] 0O2PA+ 
001 PA+ 



[103] 0O3PA+ 

[117] S03CC+ — 
[117] S03CD+ S2L 



[125] ESDTS+ ?2 



[117] S02CA- HS* 



[142] SDROI- — 
[125] CLOTR- *22 
A09 
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i 



w u 

-Si 



^ 
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SR03D- 



|A06 \ 
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[123] SDARS+ 
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[l42ilN805- 
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[104] 004FF+ ^ 
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401 06 
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A02 
[125] EIDTS+ f^ 0O6EI 
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[125] ESOTS+ 
[107] 007PA+ 
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[127] JAMKN-B 

[117] S06CC+ 
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[125] ESDTS+ - — 



[,l7]S07CA-£S2f 
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[123] SRBTS+ — 
[l05]E05FF+ — 
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